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1. SCOPE

1.1 SCOPE - This specification sets forth the requirements for the
Flight Data Input and Output (FDIO) Replacement System, which
shall replace existing Flight Data Entry and Printout (FDEP) and
enroute Flight Strip Printer (FSP) systems.

1.2 ABBREVIATIONS AND DEFINITIONS - Sections 1.2.1 and 1.2.2 detail
the definitions of frequently used abbreviations and terms used
in this specification.

l.2.1 ABBREVIATIONS

PCU .
RANK

RCU
RFSP(E)
RFSP(T).
R &M AAA

Printer Control Unit

Replacement Alpha-Numeric Keyboard

Remote Control Unit

Replacement Flight Strip Printer (Enroute)
Replacement Flight Strip Printer (Terminal)
Reliability and Maintainability Allocationms,
Assessments and Analysis

TELCO Telephone Company

TRACON - Terminal Radar Control

AC - Alternating Current

ADCCP - Advanced Data Communications Control Procedures
ARTCC - Air Route Traffic Control Center

ATCT - Air Traffic Control Tower

CCuU - Central Control:Unit

cce - Central Computer Complex -

CPU = Central Processing Unit

CRT - Cathode Ray Tube (display)

DC - Direct Current

DCCU - Data Communications Control Unit (existing FDEP)
DOT - Department of Transportation

FAA = Federal Aviation Administration

FDIO - Flight Data Input/Output

FDEP - Flight Data Entry and Printout

FSP = Flight Strip Printer

FSPCU -~ Flight Strip Printer Control Unit

GFE - Government Furnished Equipment

GPI -~ General Purpose Input (9020 Channel)

GPO - General Purpose Output (9020 Channel)

KDD - Keyboard and Data Display

NADIN - National Airspace Data Interchange Network
NAFEC - National Aviation Facilities Experimental Center
NAS - National Airspace System

PAM - Peripheral Adapter Module (9020)



FAAE-Z711 A

1.2.2

DEFINITIONS

BUILT-IN-TEST-EQUIPMENT (BITE) - Self-test circuitry incorporated
within an element or module whose purpose is to detect, diagnose,
and indicate malfunctions within the element or module. The BITE
self-test circuitry may be implemented using any combination of
hardware and/or software.

Cathode Ray Tube Display (CRT) - An element of the FDIO Replacement
System, providing display for local composition of FDEP entries and
display of flight strip data.

Central Control Unit (CCU) - An element of the FDIO replacement
system which resides in the ARTCC and provides interface between
RCU's and GPI/GPO pairs. The NADIN concentrator may ultimately
supplant the function of the CCU.

Element - An element is a unit of the FDIO Replacement System that
can be independently powered up or down.

Enroute FSP - A Flight Strip Printer located in an ARTCC driven
directly by the PCU.

NCP. National Airspace System change proposal (NCP) is the same as
the Engineering Change Proposal. (See FAA-STD-021)

SITE ACCEPTANCE TEST (SAT) - On-site acceptance test at the govern-
ment facility receiving the equipment.

FACTORY ACCEPTANCE TEST (FAT) - Factory acceptance test at the

contractor's facility conducted prior to shipping the equipment.

NATIONAL AIRSPACE SYSTEM/NAS - The common network of U.S. airspace;
air navigation facilities, equipment and services, airports or
landing areas; aeronautical charts, information and services; rules,
regulations and procedures, technical information, and manpower and
material. Included are system components shared jointly with the
military. The acronym NAS is also often used as a consolidation of
"NAS Enroute Stage A" which is defined below.

STANDARD TEST EQUIPMENT - Test equipment such as delineated in
MIL-STD-1364E or which has a Federal Stock Number (FSN).

MEAN-MAINTENANCE-TIME (MMT) - The total preventive and corrective
maintenance time divided by the total number of preventive and
corrective maintenance actons during a given period of time.

SERVICE LIFE - The estimated useful life of a machine after which
an increase of the failure rate concomitant with technical obsole-
scence make further maintenance, overhaul, and servicing impractical.
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FIRMWARE - Firmware is digital code incorporated in a intergrated

circuit such as a programmable read only memory (PROM) which is

elther erasable or non-erasable,

MEAN NUMBER OF CHARACTERS BETWEEN FAILURE (MCBF) - The mean of

the distribution of the time intervals between failures with
characters printed continuously at maximum throughput.

CERTIFICATION - Certification is the periodic verification of the

technical performance parameters.

PRINT QUALITY - No part of a character that drops out, nor is

there by any ghosting, smearing, embossing, fading, or partially
printed characters. The characters do not smudge after being
printed. The character fill has no void. Edge definition has
no intrusion. There is no spatter. ’

LEGIBILITY - Print characters that are clear, crisp, precise and

easily legible from a normal reading distance as delineated in

the equipment specification. This legibility is observed under
lighting of 50-foot candles or less.

NAS STAGE A - The enroute ATC system's radar, computers and computer

programs, controller plan view displays (PVD's/Radar Scopes),
input/output devices and the related commmications equimment which
are integrated to form the heart of the automated Instrument Flight
Rules (IRF) air traffic control system. This equipment performs
Flight Data Processing (FDP) and Radar Data Processing (RDP).

It interfaces with automated terminal systems and is used in the
control of enroute IFR aircraft.

EQUIPMENT SPECIFICATION - The detail specification covering a

particular equipment or system.

GOVERNMENT INSPECTION - The term "Government inspection™ as used

in this specification means that an FAA representative will
witness the contractor's testing and inspection and will carry out
such visual and other inspection as deemed necessary to assure
compliance with contract requirements.

NORMAL TEST CONDITICNS - Test environment condition including the
ambient temperature, ambient relative humidity and the primary
voltages with permissible tolerance.

PARAGRAPH NUMBER REFERENCES - Where a paragraph number is referenced

(without qualification) herein, or in the equipment specification,
only the specific paragraph so numbered shall apply. Where a

group of paragraphs is referenced, such as "3.3.1.2 to 3.3.1.2.3,"
the word "inclusive™ is implied where or not actually stated. For
example, "3.3.1.2 to 3.3.1.2.3" means "3.3.1.2 to 3.3.1.2.3 inclusive"
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PARTS AND MATERIALS

1. PART - One piece, or two more pieces joined together which
‘are not normally subject to disassembly without destruction
of designed use, such as a resistor, electron tube, sealed
bearing, bracket, etc.

2.  NONSTANDARD PARTS AND MATERIALS - All parts and materials not
meeting the definition for standard parts and materials are
defined as nonstandard.

3.  STANDARD PARTS AND MATERIALS - Standard parts and materials
are those parts and materials specified in the detailed
equipment specification or specified by applicable Government
and industry specifications.

FAULT CONDITION - The condition where a monitoring device determines
that one or more parameters of the signals sensed are outside of
pre-established tolerances.,

ALARM CONDITION - A condition which results when a fault has existed
for a pre-established period of time.

MODULE - Two or more parts which form a portion of an assembly or
a unit replaceable as a whole but having parts which are individually
replaceable,

OPERATE TIME OR OPERATE PRINT TIME ~ The time the equipment is in
actual operation by printing output.

DUTY CYCLE - The operate print time divided by equipment power on
time multiplied by one hundred per cent (100%).

CRITICAL ITEM - An item that is known to be marginal in the design
of the equipment, or one that must be hand selected for thermal,
electrical, or mechanical performance characteristics, or a part
that is operating at or near its maximum thermal, electrical, or
mechanical rated specification temperature, or a part that is
operating at a temperature and/or duty cycle that may degrade the
equipment reliability below acceptable limits, or any nonstandard

part.

LINE REPLACEABLE UNIT (LRU) - Any part, module/subassembly, or item
that has been designated to be replaced at the organizational level
(on-site) of maintenance (i.e. module, P.C. board, and chassis
mounted electrical or mechanical part).

SHOP REPLACEABLE UNIT (SRU) - Any item that has been designated to
be repaired at the intermediate (HUB) or depot level of mainteance
(typically a P.C. board, submodule, and an electrical or mechanical
part). An example is a piece part replacement of the failed
component in the LRU. The SRU is the lowest level replacement of

a component part by shop technician at the maintenance HUB.
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ALTERNATING CURRENT AND VOLTAGE - Unless otherwise specified in
the contract, all alternating currents and voltages shall be
understood to be a root-mean-square (RMS) values.

AMBIENT TEMPERATURE AND AMBIENT RELATIVE HUMIDITY - The temperature
and relative humidity of the air surrounding the equipment.

CONTINUOUS, UNATTENDED - The term "continuous unattended" means
that except for scheduled maintenance periods, determined by the
Government, the equipment shall operate without interruption in
accordance with all contract requirements and with no need that
an attendant be present.

EQUIPMENT MODELS

1. PREPRODUCTION (PROTOTYPE) MODEL - An item suitable for
complete evaluation of form, fit, and performance. It is
in final form in all respects, employs standard parts or
nonstandard parts approved by the Government, and is
completely representative of final equipment.

2. PRODUCTION MODEL - An item in its final form of final
production design made by production tools, jigs, fixtures,
and methods. It employes standard parts (or nonstandard
parts approved by Government).

PRINT SPAN - The distance between the center lines of any two
consecutive print positionms.

LINE SPACING - The vertical distance between the horizontal center
lines of any two consecutive lines of print.

PCB - Printed Circuit Board is circuit card assembly fully
populated with all required components (i.e. IC's, sockets,
heatsinks, resistors, capacitors, transitors, diodes,
switches, indicators, and light emitting diodes.).

RELIABILITY TERMS - To insure precision in interpretation, the
following terms defined in MIL~-STD-721C are redefined for use in
this specification (See APPENDIX XI) as follows:

1. FAILURE. The inability of an item to perform within limits
spécified in the specification.

2. ERROR. The defective printing of a received character. Some
of the equipment caused errors are: the embossing, smearing,
lightness, ghosting of characters, or printing of partially
formed characters. Errors are also caused by operation and
maintenance personnel and by other external forces.

3. FAILURE RATE. The number of failures per unit of time.
It is the reciprocal of the mean time between failures.

4, ERROR RATE. The number of errors per total number of characters
received and printed.
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PREVENTIVE MAINTENANCE - Maintenance actions performed in an
attempt to prevent an incipient failure. Preventive mainten-
ance may include but is not limied to: lubrication, cleaning,
adjusting, replacement of components having a known limited
life and systematic inspection and detection.

CORRECTIVE MAINTENANCE - Unscheduled maintenance actions
performed to restore a failed equipment to operation within
specified performance limits,

MEAN-TIME-BETWEEN-MAINTENANCE (MTBM) - The reciprocal of the
summation of the reciprocals of the mean distribution of the
time intervals of corrective and preventive maintenance actions
MIBM = 1/(1/MIBMp + 1/MTBMe).

MEAN-TIME-BETWEEN-MA INTENANCE~-PREVENTIVE (MTBMp) - The mean of
the distribution of the time intervals between preventive
maintenance actions, :

MEAN-TIME-BETWEEN-MAINTENANCE-CORRECTIVE (MTBMc) - The mean of
the distribution of the time intervals between corrective
maintenance actions. MIBMe is also equal to MTBF.

STANDARD TOOLS - Tools that are assigned National or Federal
Stock Numbers (NSN or FSN) are standard tools.

PROGRAM DEVELOPMENT SET/SOFTWARE DEVELOPMENT SYSTEM -
Microprocessor support equipment that enables the development
of software object code and has a PROM burner is known as a
Program Development Set/Software Development System.

The term "Off-the-shelf-equipment” shall mean equipment which
has been produced, sold, delivered, and has performed its
designed function for at least one year after delivery at the
time of proposal submission. Product improvements from field
experience shall be included. All units delivered that are
procured from a vendor shall be identical and at a common
revision level. Off-the-shelf equipment shall meet all require-
ments of FAA-G-2100c which the equipment specification
(FAA-E-2T711) notes as applicable to off-the-shelf equipment.
Testing shall be conducted in acordance with Section 4.0 require-
ments of the equipment specification to verify compliance with
all Section 3.0 requirements of the equipment specification.
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GENERAL PURPOSE INPUT (GPI) ADAPTER - Receives data in a bit

parallel, byte serial of up to eight bits plus parity on a
demand/response basis froam an input device. (9020)

GENERAL PURPOSE OUTPUT GPO) ADAPTER - Transmits data in a bit
parallel, byte serial of up to eight bits plus parity on a
demand/response basis to an output device. (9020)

MEAN BENCH REPAIR TIME - Defined as the mean time to diagnose
the fault, isolate and replace the faulty component, and
perform those test necessary to verify the replacement unit
is operating in accordance with this specification.

MEAN-TIME -BETWEEN-FAILURES MIBF) - The mean of the distribution
of time intervals betwen corrective maintenance actions. It is
also the reciprocal of the failure rate. (See MIL-STD-781C).

MEAN-TIME-TO-REPAIR (MTTR) - The total corrective maintenance
time divided by the number of corrective maintenance actions
during a given time period, including the time to perform those
tests necessary to verify that the element is operating properly.

MEAN-TIME-TO-RESTORE (MTR) - Mean time to restore is defined
as the mean time to restore to an operational condition a
function or equipment that has failed. The restoration may be
accomplished by corrective maintenance repair, component
(black-box) module or printed circuit board (PCB) replacement,
or active or standby redundancy.

PERIPHERAL ADAPTER MODULE (PAM) IBM 7289-02 - Used to control
many low to medium speed input/output peripheral devices of the
IBM 9020 Data Processing System. These devices are attached to
the 7289-02 which, in turn, is attached to the IBM 9020 System
through the multiplexor channel of the IBM 7231-02 Input/Output
Control Element (IOCE).

PRINTER CONTROL UNIT (PCU) - An element of the FDIO Replacement
System which drives the RFSP(E)s, and in turn interfaces with the
9020 via a GPI/GPO pair.

REMOTE CONTROL UNIT (RCU) - An element of the FIEP Replacement
System which interfaces the CCU via a Modem Line and interfaces
the RFSP, RANK, and CRT via local serial cables. The RCU may
ultimately interface with a NADIN concentrator via leased lines.

REPLACEMENT FLIGHT STRIP PRINTER (RFSP(E) or RFSP(T)) - An element
of the FDIO Replacement System, that replaces the existing Flight
Strip Printers, Enroute and Terminal, respectively.
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2.1

2.1.1

2.1.2

APPLICABLE DOCUMENTS

GENERAL. = The following documents, of the exact issue as

listed below, form a part of this Specification and are
applicable to the extent specified herein.

FAA ORDERS

FAA ORDER 1830.2 Policy for use of Telecommunications
Data Standards.

FAA ORDER 6000.15A Certification of Airway Systems,
Subsystems and Equipment.

FAA ORDER 6950.19 Practices and Procedures for Lightining
Protection, Grounding, Bonding and
Shielding Implementation.

FAA ORDER 6950.20 Fundamental Considerations of Lightining
Protection, Grounding, Bonding and
Shielding.

FAA SPECIFICATIONS

FAA-G-12104d Provisioning Technical Documentation.

FAA-G-~2100c¢ Electronic Equipment,

General Requirements.

FAA-D-2494/1 Part 1 - Instructon Book, Manuscripts,
Technical Equipment and Systems
Requirements, Preparation of Manuseript.

FAA-D=-2494 /2 Technical Instruction Book Manuscripts:
Electronic, Electrical, and Mechanical
Equipment, Requirements for Part II-
Preparation of Reproducible
(Camera -Ready)
Copy and Original Artwork.

FAA-E-2552a TECENICAL TRAINING

FAA-E-2661a National Airspace Data Interchange
: Network (NADIN).



FAAE-Z711 A

2.1.3

2.1.“

2.1.5

FAA STANDARDS

FAA-STD-010c¢

FAA-SRDS-140-SDS-1

FAA-STD-012
FAA-STD-016
FAA-STD-019

FAA-STD-020

FAA-STD-021

FAA PUBLICATIONS
\
NAS-MD-311
NAS-MD-314

NAS-MD-315

MILITARY SPECTIFICATIONS

DOD-D-1000B
MIL-E-4158

MIL-E-;?SSSG

MIL-P-9024G

Graphic Symbols for Digital Logic
Diagrams.

Software Documentation Standards for
Program Development.

Paint Systems for Equipment,

Quality Control System Requirements,
Lightning Protection, Grounding,
Bonding and Shielding Requirements
for Facilities,

Transient Protection, Grounding,
Bonding, and Shielding Requirements

‘for Equipment.

Configuration Management (contractor
Requirements).

Message Entry and Checking.
Local Outputs.

Remote Outputs.

Drawings, Engineering and Associated
Lists.

Electronic Equipment, Ground General
Requirements For,

Electronic and Electrical Equipment,
Accessories and Repair Parts,
Packaging and Packing Of,

Packaging Materials, Handling and
Transportability System and System
Segments, General Specification For.
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2.1.6

2.1.7

MILITARY STANDARDS

MIL-STD=-470

MIL-STD=4T71A

MIL-STD=721C

MIL~-STD=756B

MIL-STD-781C

MIL-STD-785B

MIL-STD-1364E

MILITARY PUBLICATIONS

MIL~-HDBK-~217-D

MIL-HDBK~-4T72

Maintainability Program Requirements
(for Systems and Equipment).

Maintainability/Verification/
Demonstration/Evaluation.

Definition of Terms for Reliability
and Maintainability.

Rellability Modeling and Prediection.
Reliability Design Qualification and
Production Acceptance Tests:
Exponential Distribution.

Reliability Program for Systems and
Equipment Development and Production.

Standard General Purpose Electronic
Test Equipment

Reliability Prediction of Electronic
Equipment.

Maintainability Prediction.

10
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2.1.8

2.1.9

FEDERAL STANDARDS

FED-STD=595A

FIPS PUBLICATION 1

FIPS PUBLICATION 16
FIPS PUBLICATION 17
FIPS PUBLICATION T1

FEDERAL STANDARD 1020

FEDERAL STANDARD 1031

FEDERAL STANDARD 1005

Colors
Code for Information Exchange.

Bit Sequencing of the Code for
Information Interchange in Serial-
By-Bit Data Transmission.

Character Structure and Character
Parity Sense for Serial-By-Bit Data
Communication in the code for
Information Exchange.

Advanced Data Communication Control
Procedures (ADCCP)

Telecommunications: Electrical
Characteristics of Balanced Voltage
Digital Interface Circuits.

Telecommunications: General Purpose,
37-position and 9-position Interface
between Data Terminal Equipment and
Data-Circuit Terminating Equipment
Employing Serial Binary Data Interchange.

Telecommunications: Coding and
Modulation Requirements for Non-diversity
2400 Bit/Second Modems.

21 Code of Federal Regulations (CFR),
U.S. Department of Health, Education
and Welfare, X-Radiation Safety Rules.

INDUSTRY STANDARDS AND DOCUMENTS

IBM FORM L27-3008-1

IBM FORM A27-2709-1

EIA-RS-310C

ANSI X3.66-1979

IBM Flight Data Entry and Printout
Equipment Component Description.

IBM 9020 System Input/Output Operations
Reference for IBM 7289-02 Peripheral
Adapter Module (PAM).

Electronic Industry Association:
Racks, Panels, and associated Equipment.

American National Standard for Advanced

Data Communication Control Procedures
(ADCCP).

11
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2.2 PRECEDENCE OF DOCUMENTS

When requirements of ths specification and the subsidiary documents
referenced herein are in conflict, this specification shall have
precedence,

The order or precedence of listed subsidiary documents is in the
decreasing order of importance as follows:

paragraph 2.1.1 (most important)
paragraphs 2.1.2, 2.l.3,

2.1.4, 2.1.9, 2.1.8,

2.1.6, 2.1.7, and 2.1.5 (least important)

2.3 SOURCE_CF DOCUMENTS

2.3.1 SOURCE OF FAA DOCUMENTS - Copies of the applicable FAA specifica-
tions and drawings may be obtained from the Federal Aviation
Administration Washington, D.C. 20591, Attn: Contracting Officer.
Requests should fully identify material desired; i.e., specifica-
tion number, dates, amendment numbers; complete drawing numbers;
also, requests should identify the invitations for bid, request
for proposals, or the contract involved, or other use to be made
of the requested material. The source of FAA documents is the
same as in paragraph 2.3.3.

2.3.2 SOURCE_OF MILITARY DOCUMENTS - Single copies of the Military
Specifications may be obtained from the Naval Supply Depot,
5801 Tabor Avenue, Philadelphia, Penn., 19120. Requests should
cite the request for proposals or contract for which the specifi-
cations are needed. (For telephone requests call 215-697-3321,
8 a.m. to 4:20 p.m. Mon through Fri). NOTE: More than five
items may be ordered on a signed request and the invitation for
Bid or antract number should be cited where applicable.

2.3.3 SOURCES OF OTHER DOCUMENTS - Copies of the IBM documents identified
in (2.1.9) may be obtained from Federal Aviation Administration,
Contracts Division, ALG-300, 800 Independence Avenue, S.W.,
Washington, D.C. 20591. Request should cite the FDIO Request for
Proposal Number,

12
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Information on obtaining copies of Federal specifications and standards may
be obtained from General Services Administration Offices in Washington, D.C.;
Auburn, Washington; San Francisco, California; Denver, Colorado; Kansas City,
Missouri; Atlanta, Georgia; Chicago, Illinois; New York, New York; Boston,
Massachusetts; New Orleans, Louisiana; Fort Worth, Texas; and Los Angeles,
California.

Information on obtaining copies of the standards issued by the American
National Standards Institute may be obtained from the American National
Standards Institute, 1430 Broadway, New York, 10010.

Information on obtaining copies of Electronic Industry Association Standard
may be obtained for Electronic Industries Association, 2001 Eye Street, N.W.,
Washington, D.C. 10006.

Copies of the Federal Information Processing Standards (FIPS) may be ordered
from: National Technical Information Service (NTIS), U.S. Department of
Commerce, Springfield, Virginia 22161., phone number 703-487-4656.

Copies of the applicable FAA documents (i.e. Specifications and Standards)
may be obtained from the Federal Aviation Administration, Washington, D.C.
20591, Attention: Contracting Officer, Code ALG=300.

For FAA NAS - MD-XXX type documents the following FAA address shall be used:

FAA Technical Center
ACT-64A
NAS Documentation Facilty
Atlantic City, New Jersey 08405

Phone Number: (509) 641-8200
Extension 2603
Government workdays
8:00 a.m. to 4:30 p.m. EST.

13
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3.
3.1

3.1.1

REQUIREMENTS
GENERAL

The Federal Aviation Administration operates 20 Air Route Traffic
Control Centers (ARTCCs) within the continental United States,
whose function is to provide safe utilization of airspace for the
enroute phase of flight. Among the many services performed by the
ARTCCs is the collection, processing and dissemination of flight
plan data. Processing is performed at the ARTCCs, and flight
strip printers (FSPs) at the sector positions are used to generate
flight progress strips for the enroute air traffic controllers.
Collection and dissemination of data is also carried out remotely
at over 200 airport facilities. These sites, predominantly
Terminal Radar Controls (TRACONsS) and .-Air Traffic Control Towers
(ACTCs), have Flight Data Entry and Printout (FDEP) equipment to
provide an input/output interface with the ARTCC computers.

The system specified herein replaces the existing NAS FDEP and
Enroute FSP system., The FDEP hardware at remote locations
communicates with ARTCCs over leased data lines. Presently, each
FDEP site interfaces directly to the ARTCC 9020 via a Peripheral
Adapter Module and FDEP adapter. (See IBM A27-2709-1.) In the
replacenent system, many FDEP remote sites will interface to a
Central Control Unit (CCU) which will connect to the 9020 via a
Peripheral Adapter Module and a GPI/GPO pair. Ultimately, replace-
ment equipment for the remote FDEP locations_pay interface with an
ARTCC via the National Airspace Data Interchange Network. The
current FSP equipment is located within the ARTCC and interfaces
to the 9020 Computer via a FSPCU. The replacement FSPs within
the ARTCC will interface to the 9020 via a PCU and a GPI/GPO
adapter pair in the 9020 PAM.

INTERFACE DEFINITIONS

Both the Central Control Units and the Printer Control Units

of the FDIO must interface with the General Purpose Input (GPI)
and General Purpose Output (GPO) adapters which are PAM resident
in the 9020 Systems. Both CCUs and PCUs must send and accept
data of 8 bits plus parity in bit parallel, byte serial, in the
formal shown in Figure 1.

P 0O 1 2 3 4 85 6 7

PARITY t

MOST SIGNIFICANT BIT

LEAST SIGNIFICANT BIT

Figure 1. Format of Data Transmission
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Figures 2 and 3 depict the interface characteristics and signal
lines of the GPI/GPO adapters on the FDIO Control Unit device
side. Detailed Adapter Interface Specifications may be found
in Form A27-2709-1, IBM 9020 System Input/Output Operations
Reference for IBM 7289-02 Peripheral Adapter Module (PAM).The
general characteristics of the GPI/GPO adapters are described
in APPENDIX XVI and XVII.

3.1.2 SYSTEM DIAGRAMS - Figures 4 through 7 illustrate the existing
and replacement En Route FSP and FDEP systems. These diagrams
are functional in nature and are not intended to depict all
wiring or interconnections needed to meet the requirements of
this specification.

3.1.3 CONTRACTOR'S RESPONSIBILITIES - The contractor shall provide
the materials and services necessary to design, assemble, test,
install, and integrate the replacement systems as specified
herein. Installation shall be performed at sites specified by
the Government. The contractor shail schedule and perform work
in such a manner so as to not disrupt the normal operations of
the installation site. The contractor shall provide the neces-
sary materials and services to prepare, reproduce and provide
reports, firmware listings, and documentation as specified
herein. It shall be the responsibility of the contractor to
meet the requirements of this specification and to provide a
functioning system. Any feature or item necessary for proper
system operation, in accordance with the requirements of this
Specification, shall be incorporated even though the item or
feature may not be Specifically described herein.

3.1.4 SUMMARY OF MATERIALS AND SERVICES TO BE FURNISHED - The major
items of materials and services to be furnished shall include,
but not be limited to those listed in table l. Each installa-
tion shall consist of a central group or a remote group.

Table 1 shows the typical make-up of Central and Remote Groups,
but, the exact configuration of each installation will be
specified in the contract schedule. Exact numbers of Remote
and Central Groups will also be specified in the contract
schedule. Cabinets (with doors) utilizing equipment racks for
the PCUs, CCUs, and RCUs shall be provided.

15
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Data Lines (9) Initiated By
Data Bit Pos. P Control Unit
Data Bit Pos. 0 Control Unit
Data Bit Pos. 1 Control Unit
Data Bit Pos. 2 Control Unit
Data Bit Pos. 3 Control Unit
Data Bit Pos. 4 Control Unit
Data Bit Pos. 5 Control Unit
Data Bit Pos. 6 . Control Unit
Data Bit Pos. 7 Control Unit
Control Lines (6) Initiated By
I/0 Request Control Unit
Adapter Response Adapter

Device Control 1 Adapter

Device Control 3 Adapter

Device Control 4 Adapter

EOM Control Unit

Figure 2. - Central Control Unit (Output)/GPI Interface
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Data Lines (9) Initiated By
Data Bit Pos, P Adapter
Data Bit Pos. 0 Adapter
Data Bit Pos, 1 Adapter
Data Bit Pos. 2 Adapter
Data Bit Pos. 3 Adapter
Data Bit Pos. 4 Adapter
Data Bit Pos. 5 Adapter
Data Bit Pos. 6 Adapter
Data Bit Pos. 7 ) Adapter
Control Lines (6) Initi;ted By
I/0 Request Control Unit
Adapter Response Adapter
Device Inoperative Control Unit
Device Status Line 3 Control Unit
Device Status Line 5 Control Unit
Device Status Line 6 Control Unit
Device Status Line 7 Control Unit
Adapter Selected Adapter
End of Message Adapter

Figure 3. - Central Control Unit (Input)/GPO Interface
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TABLE 1. - MATERIALS AND SERVICES TO BE FURNISHED

ITEM QUANTITY
CENTRAL GROUP
Central Group Unit (Including redundancy) 2
(optional, see contract schedule)
Printer Control Unit (Including redundancy) 4
Replacement Flight Strip Printers, Enroute 50
(RFSP (E) _ (approx.)
REMOTE GROUP
Remote Control Unit (RCU) 1

Replacement Alphanumeric Keyboard .(RANK)

N

CRT (optional, see contract schedule)

Replacement Flight Strip Printer, Terminal
(RFSP(T))

w

MISCELLANEOUS ITEMS

Installation support (including integration
and checkout)

Documentation (including firmware listings)
Automated NAS Documentation (Optional in contract
Schedule), Spare Parts and Provisioning Data,
Test Bed (optional in the contract schedule),
Training and Instruction Books

FDI0/9020 Interface (optional in contract schedule)
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3.2

3.2.1

CHARACTERISTICS - The System which shall replace the existing FDEP

system shall duplicate all of the functions of the present system
while providing extended capabilities. A discussion of those
functions follows. Flight strips shall be displayed, as they are
in the current System, by printing on the FAA flight strip forms.
In addition, a display/compose CRT unit shall be included as an
option. Individual remote groups may or may not include actual CRT
units, depending on physical space allotments. The CRT capability,
however, shall be included as a funetion in all sites. Where no
CRT is used, the display for message composition shall be an
RFSP(T). A keyboard shall provide for data entry and error display
as in the current system. The keyboard shall have illuminated
keys. Two Central Control Units shall be used at each CCC and

one Remote Control Unit at each FDEP site. The Central Control
Units shall provide interface to the IBM 9020 via a GPI/GPO pair
and shall drive up to 28 high-speed (2400bps) lines, each of which
may be connected to one or more Remote Control Units. Multiple
connections on a line are made possible by the multipoint protocol
defined in APPENDIX I. The Remote Control Unit (corresponding to
the present DCCU) shall handle local functions for up to five
keyboard/CRT combinations and 10 printers. All data flow in the
System, after the Central or Printer Control Unit, shall be bit
Serial, either synchronous or asynchronous, and shall conform to

Unit shall interface a 9020 GPI/GPO pair to up to 28 RFSP(E).
Data flow between Control Units shall besynchronous, at 2400bps,
and shall conform to FAA Order 1830.2 with RS-232C allowed in
addition to RS-449 in paragraph 5h(1l) therein. Data transfers
between Control Units shall be according to the CCU-RCU Interface
Control Document, as defined in APPENDIX I. All Control Units will
utilize firmware control store. No software will be incorporated.
Synchronous protocol and record format shall be accomplished via
firmware. All FDIO firmware shall be alterable using pluggable
components, boards, or modules. A complete changeover shall
require less than one manhour. The protocol shall be ANSI X3.66
(ADCCP) as delineated in APPENDIX I.

PERFORMANCE REQUIREMENTS - The FDIO hardware shall meet the
following minimum performance requirements.,

23



FAAE-Z711 A

3.2.1.1

SYSTEM - The FDIO System concept evolved from a need to increase
the reliability and maintainability of the present system.
Increases in flight traffic and resultant data loads have caused
delays in the processing of data sent to and from FDEP sites,

and to FSPs., It must Satisfy input and output requirements as
specified in NAS-MD-311, NAS-MD-314, and NAS-MD-315, respectively,
between an ARTCC and 28 FDEP Sites, and to RFSPs(E).

All control units shall be designed so that the system configuration
information is conveyed by the cables fastened to the control unit
connectors. The plug ends shall be coded by Jjumper wires so that
firmware decoders type of device information. The condition where
no cable is connected shall be detected and shall not result in
system disfunction and shall not be considered as a continuous

error condition as long as at least one RANK and one CRT/RFSP is
connected.,

The system shall be designed so that there is no single point of
failure within a central group. Each active CCU and PCU shall
have as a backup the remaining CCU and PCU for redundancy,

NOTE: the quantity two (2) as shown in Table l. If a CCU or PCU
failure occurs, the system shall be operable using the redundant
CCU or PCU. An alarm indication must be given in case of failure.
If an RFSP(E) fails, system operation shall automatically continue
with the flight strips intended. for that printer sent instead to
a designated backup. If a remote group fails, the central group
shall continue to function with the remaining remote groups.
Failure of a remote group shall not result in lost or imperceivably
altered data.

The equipment (i.e., CCD) may have the capability of a failed
component to be repaired and reintegrated into the system while
the remainder of the sSystem continues operation and has the
following features: No single point (module/component) failure
shall stop or contaminate the system operation, and board/module
(i.e., includes power supply) replacement shall take place without
powering-down.

If an RFSP(T) fails, messages intended for that printer shall
automatically be sent to a designated backup,_if one 1s available.

The backup configuration required shall be the same at all ARTCCs.
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3.2.1.2

REMOTE GROUPS - The remote group must provide the capabilities

of the existing DCCU, ANK and FSP. The requirements for the
remote group are as follows:

b.

d.

f.

Communicate with the central group in accordance with
FAA Order 1830.2, Policy for Use of Telecommunications
Data Standards, with RS-232C allowed in addition to
RS-449 in paragraph 5h(1l) therein. The protocol shall
be ANSI X3.66 (ADCCP) as delineated in APPENDIX 1.

Provide expandability up to five RANKS/CRTs and ten RFSPs,

Provide serial data flow between all units of the remote
group via RS-232C or RS-U49 balanced-only interfaces
(EIA-RS-422 to EIA-RS-232C conversion permitted), in
accordance with Federal Standards 1031 and 1020, at a
rate which will not constrain the print rate of the
RFSP(T).

Provide, within a remote group, the capability for one
to five interfactive display positions. An interactive
display position consists of ‘a RANK in combination with
either a CRT or a RFSP.

Provide, within a remote group, for composition, editing,
error checking and buffering of complete entry messages.
Upon entry of a transmit or end of text character, by

the operator, the message shall be checked for the
compositional errors as specified in NAS-MD-311 Message
Entry and Checking. If errors sites are detected, the

RCU shall flag the field in error. On systems with CRT
displays, correction of erroneous input messages shall

be possible without re-entering the entire message using
cursor positioning and insert/delete/overtype capabilities.

On systems with Replacement Flight Strip Printer (RFSP),
correction of erroneous input messages shall be possible
without re-entering the entire message using insert/delete
overtype capabilities. Once a message has been verified

to be of the proper format, the message shall be transmitted
to the CCU. The composition editing of entry messages on
the RANK/CRT shall not affect the receipt or printout of
flight strip data on the RFSPs. The entire message need

not be printed on the RFSP(9T) if erroneous input is
detected.

Data flow shall be a minimum of 2400 bps to/from the CRT
and 1200 bps to/from the RANK.
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3.2.1.3 CENTRAL GROUP - The central group consists of Central Control Units,
Printer Control Units and RFSP(E)s. The Central Group performance
requirements shall be:

a. Act as a multiplexer - demultiplexer and message router for
a up to twenty-eight FDEP lines. Refer to APPENDIX II, 9020
CCC-CCU Interface Control Document.

b. Provide link protocol per 3.2.1.2. (a) and APPENDIX I, CCU-RCU
Interface Control Document.

c¢. Act as a message router for up to 56 RFSP(E)s, (two PCUS)
including maintenance channel. Refer to APPENDIX II, 9020
CCC-FDIO. Control Unit Interface Control Document.

d. Provide serial data flow between CCU and modems via RS-232C
and provide serial data flow betwen the PCU and RFSPs via
RS-232C or RS-449 (EIA-RS-422 to EIA-RS-232C conversion
permited) balanced only interface.

3.2.2 PHYSICAL REQUIREMENTS - The system specified, herein is required
to replace existing hardware. In general, the physical require-
ments are dictated by the equipment environment. If a RANK, CRT,
and RFSP cannot all fit in the physical space presently occupied
by the ANK-FSP combination, then the RFSP output characters must
be visible on CRT with tilt rotate base as they are generated, for
purposes of local composition. Cabinets with doors utilizing
equipment racks for the PCU, CCU, and RCU shall be provided.

3.2.3 ENVIRONMENTAL CONDITIONS - The replacement components shall operate
within specification limits during and after exposure to the
environments given in 3.2.3.1. and 3.2.3.2.

3.2.3.1 OPERATING ENVIRONMENT

a. Temperature. 50°F - 100°F

b. Relative humidity. 20 % ~ 80% non-condensing
c. Altitude. Up to 8000 feet.

d. Maximum temperature gradient. 15° F/hour.

3.2.3.2 NON-OPERATING ENVIRONMENT - (TRANSPORTABILITY)

a. Transportability considerations shall be in accordance with
MIL-P.-9024G, paragraphs entitled "Transportability,” "General
Requirements, preparation for movement and handling,"
"Restraining Systems"™, "Air Transportation," "Highway
Transportation", "Railway Transportation," "Shock-Vibration
Transmission," "Natural Environment," and "Hazardous/Dangerous
Materials." Shipping range and non-operating range -20°F
to 140°F (-20:9°C to 60°C.)

.28.9¢ (fﬁod.*j
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3.3

3.3.1

3.3.2

3.3.3

3.3.4

DESIGN AND CONSTRUCTION ~ The System shall be designed to meet
the reliability and maintainabiity specifications contained
herein, and in accordance with good commerical practices for a
computer system of this type.

BUILT-IN TEST EQUIPMENT - The FDIO system shall be maintainable
without use of special purpose test equipment, except at maint-~
enance hubs. Each element shall be provided with malfunction
indicators and shall maximize use of Built-In Test Equipment (BITE).

DATA ERRORS - The FDIO shall be designed to eliminate data errors.
To accomplish this, each element of the replacement system shall
incorporate data error detection and retransmission techniques as
appropriate to ensure data integrity while minimizing data traffic
and required human intervention. The CCU-RCU interface shall employ
the "American National Standard for Advanced Data Communicaton
Control Procedures” (ADCCP) protocol as specified in ANSI X3.66
(January 9, 1979), FIPS Publication 71. This protocol is described
in APPENDIX I, which also lists references for additional informa-
tion. This protocol shall be employed for traffic originated both
by the CCU or any RCU. Data transmission deemed acceptable at the
RCU shall be decoded and forwarded to the appropriate CRT terminal
or Flight Strip Printer. Data output from the RCU to the terminal/
printer shall be bit serial, ASCII encoded characters and control
with parity. The terminal/printer shall recompute and compare
parity with that received. In the event of a detected error, the
character in question shall be rejected and retransmitted and if
an error still exists then the terminal/printer will display an
error-indicating character and flag the error condition to the RCU.
All the received data shall be verified at the last possible point
in the electro-mechnical process. In the event that the RCU
receives an error from the printer/terminal, the entire message
shall indicate that it is a corrected message. Repeated failed
transmissions shall result in a audible alarm for operator inter-
vention. The printer/terminal shall acknowledge to the PCU/RCU the
receipt of a message after completion of the message output. Failure
to receive such an acknowledgement at the RCU/PCU shall result in

a repeated transmission. If acknowledgement is still not received,
an audible alarm shall be made for operator intervention.

For power outages, the system shall be designed to recover automa-
tically with no lost or imperceivably altered data, provided that
a power failure does not occur both in the Central Group and the
Remote Group at the same time. Each PCU and CCU shall have a
Separaté power source of 115 VAC supply.

METALS - All metals used in the equipment shall be suitably coated
or protected against corrosion. Dissimilar metals shall not be used
in direct ‘contact with each other, except as required for electrical
interconnection.

LUBRICANTS - All lubricants necessary to sustain proper operation

of the equipment shall be interchangeable with at least one other
lubricant product of a different manufacturer. Lubricants should
not be special purpose types and should have a National Stock Number
(NSN) /Federal Stock Number (FSN).
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3.3.5

3.5

3.4.1
3.4.1.1

MAINTAINABILITY AS A DESIGN GOAL - The equipment shall be completed

with all plug-in parts and other parts that are used in the equipment
and are designed for quick removal and replacement. The equipment
shall be mechanically designed and constructed to permit ready access
to all modules, printed ecircuit boards, assemblies or other equipment
items or parts. The equipment design and construction shall provide
access to all parts, test points, terminals, and wiring for circuit
checking, adjustment, maintenance and repair without requiring the
partial or complete removal of any nearby module, part or portion of
the equipment.

CHARACTERISTICS OF SUBORDINATE ELEMENTS - The following are the

performance and physical requirements of the elements of the FDIO
which make up the cental and remote groups.

PERFORMANCE

CENTRAL CONTROL UNIT - The CCU shall be constructed using micro-

processor technology. Table 2 presents a list of hardware which
may meet the requirements of this specification. (This list does
not impose any limitation on the contractor nor is it to be inter-
preted as a recommendation by the Government). The enumerated
performance requirements of the CCU are as follows:

a. Provide serial/parallel and EBCDIC/ASCII conversion.
Refer to APPENDIX II, 9020 CCC-FDIO Control Unit Interface
Control Document, and APPENDIX F of FAA-E-266la.

b. Provide multiplexing/demultiplexing of up to 28 high-speed
(2400 bps) FDIO lines, each of which may be connected to one
or more remote groups.

c. Provide data error detection/retransmission as required on
data to/from the RCU. The CCU/RCU interface protocol shall
be the ADCCP protocol (ANSI X3.66) as described in APPENDIX 1.

d. Provide local buffering of messages, both incoming and outgoing.
A minimum of 16K bytes of memory shall be utilized for local
storage of incoming and outgoing messages. This buffer will be
designed to allow high accessibility to the CCU by the 9020 and
to provide for retransmissions as necessary without the need for
interrogating the messsage originator. Messages shall be
processed on a first-in, first-out basis. The FDIO CCU shall
operate on the critical bus Power Conditioning System (PCS).

e. Provide both on and off-line self diagnostiés.
f. Provide self-initiating operation upon the application of power.

g. Provide a switching mechanism such that all input and output
signal lines to the CCU can be made available to its redundant
CCU and so that the operational CCU of the pair can initiate
the switching over of control to the redundant unit. A single-
action manual means for accomplishing this switch from one
control unit to another shall also be provided. Visual
indication of the status (active/backup) of each CCU is required.
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TABLE 2 - LIST OF HARDWARE

Controllers
Data General Micro-Nova Series
ﬁigital Equipment Corp LSI 11-23 Series
Intel SB-80 Series
Motorola Micromodule Series

Texas Instruments 990/110 Series

Printers
Centronics Model 737
Dataproducts D=50
General Electric Terminet 120
Integral Data Systems Model 460
Qume Sprint 3 and 5 Series Receive Only Printer
Teletype Model 40 Forms Access Printer

Xerox 1750 Receive Only Printer

Keyboards
Amkey (custom)

Cherry (custom)
Digitron (custom)

Micro-Switch (custom)

Cathode-Ray Tubes

Conrac

Ramteck
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3‘".1.2.

REMOTE CONTROL UNIT - To facilitate spare parts provisiocning

and training, the RCU shall be constructed using hardware
modules that are the same as those used to construct the CCU
and PCU, where possible. The performance requirements of the
RCU are as follwows:

a.

b.

Ce.

d.

f.

i.

J.

Functionally replace the DCCU.

Provide serial output ports to CCU, RANK, RFSP(T) and
CRT.

Be designed to service an expanded Remote group as
specified in 3.2.1.2d, and 3.2.1.2b.

Provide data error detection/retransmission on data to/
from the CCU. This shall be implemented using ADCCP
protocol as described in APPENDIX I.

Provide self-initiating operation upon the application
of power, ’

Provide both on and off-line self diagostics.

Provide data error detection/display on data to/from
RANK and CRT and RFSP(T). The RCU shall respond to
error conditions form the terminal/printers and
retransmit messages as necessary,

Provide local buffering of messages, both incoming and
outgoing. The RCU shall buffer messages incoming from
the CCU until positive message acknowledgement has been
received from the terminal/printer. Outgoing messages
from the RANK shall be buffered by the RCU until the
CCU acknowledges receipt of the hessages., A 16K byte
minimm memory shall be provided for this buffering.

Messages shall be processed on a first-in, first-out
basis. The FDIO RCU shall operate on the critical bus

- Power Conditioning System (PCS).

Monitor keyboard entries for errors in format and entry
range,

Provide error message display, via RFSP(T) or CRT, or
both including errors detected in e, £, h, and j.

This space is intentionally left blank.
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1.

Q.

Provide hardware/firmware design to allow either a CRT
or a RFSP(T) to operate in conjunction with a specific
RANK as the interactive display. The system design
requires that this switchover be automatic. It is
suggested that physical assignment of RANK/RFSP(T) or
CRT interactive pairs be accomplished by connector
coding and physical connection.

The connection or disconnection of any peripheral and

a control unit shall be sensed by the system, and shall
cause an alert to be issued on the appropriate output
device(s). However, the system shall automatically adapt
to the new configuration without operator interaction.

The RCU shall reconfigure the network of printers,
keyboards, and CRTS under program control to respond to
failures in the individual units and to enable operational
position combinations within the TRACON. This is standard
configuration at all remote sites.

Provide an additional port with an RS-232C or RS-449
interface, the use for which is not yet defined.

Provide a "maintenance"” channel(s) which shall be used
for exercising a RANK, CRT, or RFSP in a maintenance
mode as an aid for diagnostics and checkout. The use of
this channel shall not interfere with normal operation.
The maintenance channel(s) shall have both local and
remote control capability for maintenance purposes.

Provide the discrimination and control necessary to
print numeric information (digits 0-9) on flight strips
in upper and lower case size, depending upon the field
format as defined in NAS-MD-314 and NAS-MD~-315, Numeric
information shall pass between the CCU and RCU in
USASCII code (as defined in FIPS PUB 1) only; i.e., no
separate encoding of upper and lower case numbers shall
be used except across the RCU-RFSP interface and the
PCU=-RFSP interface.
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3.4.1.3 PRINTER CONTROL UNIT - The printer control unit shall be
constructed using hardware modules that are the same as the

CCU and the RCU. The performance requirements of the PCU are
as follows:

a. Provide parallel/serial and EBCDIC/ASCII conversion.
Refer to APPENDIX II, 9020 CCC-FDIO Control Unit Interface
Control Document Award, APPENDIX F of FAA-E-266la.

b. Provide multiplexing/demultiplexing for up to 28 RFSP(E)s.

c. Provide for data error detection/display for data flow
between PCU and RFSP(E)s. The PCU shall detect error
status from the RFSP(E)s and retransmit the message in
its entirety upon receipt of an error status. In the
event of the failure of an RFSP(E), the flight strips
intended for that printer shall automatically be sent
instead to a designated backup. The PCU shall acknow-
ledge to the IBM 9020 when each message has been printed.

d. Provide self initiatihg opeéat;on upon application of
power, :

e. Provide both on and off-line self diagnostics.

f. Provide local buffering of messages. The PCU shall

provide sufficient local buffering to allow retrans-

mission as required to the FSP without the need to

interrogate the 9020. A 16K byte minimum memory buffer

shall be utilized for incoming messages. Messages shall

be processed on a first-in, first-out basis. The FDIO

PCU shall operate on the critical bus Power Conditioning
24 ) 2.0 System (PCS).

\ET\\\S Provide a secondary "maintenance" output channel as in
3.4.1.2.p., for use in exercising an RFSP(E) only.
The character set shall include a printable error
indicating character for use in parity error conditions.
The PCU shall check all parity before accepting data.

.

h. Provide a switching mechanism such that all input and
output signal lines to the operational PCU can be made
available to its redundant PCU, and so that the opera-
tional PCU of the pair can initiate the switching over
oY control to the redundant wunit. A single-action
manual means for accomplishing this switching from one
control unit to another shall also be provided. Visible
indication of the status (active/backup) of each PCU is

required.
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3.“'1-“

(N\OA '-f')

REPLACEMENT FLIGHT STRIP PRINTER - The following are the performance

requirements for the RFSP(T)s and RFSP(E)s:

a.

d.

Provide an RS-232C or RS-449 balanced-only interface (EIA-RS-422
to EIA-RS-232C conversion permitted) compatible with both RCU and
PCU.

Accept USACII code, as defined in FIPS PUB1l, with the following
exceptions.

l. "Opening Brace" shall be printed as the South (downward)
direction arrow;

2. "Closing Brace" shall be printed as the North (upward)
direction arrow, and

3. Ten codes normally assigned to graphie characters which are
not required for the RFSP (see 3.4.1.4(d) below), shall be
assigned (at the contractor's discretion) and printed as
upper case numerals (0-9).

Capable of printing at a minimum réte of 30 characters per second.

Print a character set the same as printed by the existing FSP
(see 127-3008-1), with the following deletions:

l. The East (right) and West (left) direction arrows
2. The four weather symbols

3. The rectangle; and

4. The "four lines."

The character set shall include a printable error indicating
character for use in parity error conditions.

Provide visible and audible out-of-forms indications and stop
transmission from the control unit.

Al RFsP (5)
The-RFSR{BE) shall provide a red-black highlighting print mode.

The RFSP shall receive, recompute and compare parity on each
character received. In the event of a parity error, the
printer shall flag the error condition to the RCU or PCU as
appropriate for retransmission.

The RFSP shall provide positive acknowledgement of message receipt
to the PCU or RCU as appropriate.
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3.4.1.5

REPLACEMENT ALPHA-NUMERIC KEYBOARD - In general, the RANK
must effectively generate and transmit to the RCU all 128
USACII graphic and control character codes. The performance
requirements for the RANK are as follows:

a.

b.

Generate the USASCII codes (as defined in FIPS PUB1)
corresponding to the key assignments shown in Table 3.
Depressing a single key shall generate the code for
the character shown in the "Lower Case" column.
Depressing a key while SHIFT is held down shall result
in a character in the "Shift" column. Holding down
CONTROL and depressing a key shall produce a character
in the "Control" column. Those characters shown in
Table 3 in parentheses shall not be labeled on the
keyboard (the layout for which shown in Figure 8).

Generate control codes corresponding to the cursor
control and local editing functions of keys shown in
Figure 8,

Generate control codes in response to depression of
ENTER and unused blank keys.
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3.4.1.6

CRT DISPLAY - There is no direction correlation between the CRT

and existing hardware. In general, the CRT shall be a stand
alone unit, interfaced to the RCU. It will be used in associa-
tion with a RANK, as a viewing area for the composition of
mesages, but is not directly interfaced to it. The CRT shall
meet the following performance requirements.

a.

b.

d.

The CRT display shall show 24 lines of up to 80 characters
each. This display have internal automatic refreshing.
The displayed message shall be modified by either keyboard
control or signals from the RCU., Fields or groups of
lines may be designated as protected fields not accessible
from the keybocard. The CRT display can thus function as
an output device and local message composition preview
area concurrently. The CRT shall have the capability of
the protected fields, a feature selected by the contractor
and approved by the Government.

The CRT display shall have a character set corresponding
to the character keys found on the RANK and shall be
capable of displaying all characters available on the
RFSP (see 3.4.1.4 (d)). The character set shall include
a unique error indicating character identical to that
utilized on the Flight Strip Printer. A blinking cursor
shall identify the next screen location to be modified.
The characters shall be composed within a minimum 9 wide
by 12 high (9 X 12) dot matrix ( 7 X 9 dot character).
The characters shall have a nominal aspect ratio, width
to height, of 0.6 to 0.8. Characters any where on the
display surface shall not exhibit a size variation, in
either height or width, greater than 15 percent (using
the formula maximum minus minimum over average of maximum
and minimum, times 100 percent). The character font must
have the approval of the Govermment prior to implementation
by the contractor.

The display presentation shall be flicker-free with a
60 cycle refresh non-interlaced.

CRT display operating controls shall be mounted on the
front panel or operator accessible from the front.
They shall consist, as a minimum, of an on/off switeh,
3 contrast control and a brightness control.
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TABLE 3

ASCII ENCODING OF FDIO KEYBOARD CHARACTERS

LOWER CASE SHIFT CONTROL

(SOH)
(STX)
(ETX)
(EOT)
(ENQ)
(ACK)
(BEL)
(BS)
(HT)
(LF)
(V1)
(FF)
(CR)
(S0)
(81)
(DLE)
(DC1)
(DC2)
(DC3)
(DCk)
(NAK)
(SIN)
(ETB)
(CAN)
(EM)
(suB)

NHME<SCHHUOUOVOZICOrNGLGHIEO®EBMUOQOW D

5

(1)

~ o~
“w-Y 3
s

(%)
(&)

~
H e 00 "ver~ =
st Nt

MmN | + BOVOVIOVMEWNHONY XX LE44E CUWIOUODIHEHKGETRHOAO O
Y

(NUL)
(ESC)
(GS)
()
(FS)
(RS)
(Us)

SPACE

BLANK 1 (/)
BLANK 2 ( )
BLANK 3 (DEL)
BLANK 4 (,)

PN TN TN NN TN TN NN TN NN TN PN N
it N Nl N il Nl N Nkl Nt Sk Nt kP o

--CHARACTERS IN PARENTHESES ARE NOT LABLED ON KEYBOARD--
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f.

The display shall have an achieveable brightness of 40
foot lamberts, measured with an ambient of 15 foot
candles of incident light normal to the faceplate of

the CRT. The brightness variation between or within any
characters or lines shall not exceed 40 percent using
the formula maximum minus minimum, over the average of
maximum and minimum, times 100 percent. The brightness
variation requirements shall be met over a display bright-
ness range of from 5 foot lamberts to 20 foot lamberts.
The brightness of the cathode ray tube shall not vary by
more than 20 percent between different selected display
positions. The percent variation is computed as stated
above over the same brightness range. Brightness
measurements shall be made at the same location for both
presentations.

The display shall have a contrast ratio of at least

five to one at 20 foot lamberts. For purposes of this
specifiction, contrast ratio is the ratio of brightness
of an illuminated position on the cathode ray tube, to

a non-illuminated position adjacent to the same character.

The width of any line, regardless of orientation, or
character segment shall not exceed 0.02 inches (0.5
millimeters). The ratio of the maximum to minimum line
or character segment width shall not exceed two to one.

The display monitor shall have a linearity error of not
more than two percent of the display height.

The CRT shall be equipped with a bell, buzzer, or other
audible alarm which signals upon the receipt of the
ASCII character "BEL." The exact device used shall be
approved by the Government as to the character of sound
omitted.
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3.4.2 PHYSICAL - Paragraphs 3.4.2.1. through 3.4.2.7. contain the
physical requirements of the FDIO Subordinate elements.
The FDIO shall operate from a primary power source of 115 VAC
with a tolerance of +10% and a frequency of 60 Hertz +5%.
Rapid voltage and frequency variation within the specified
tolerance range shall not generate errors,

3.4.2.1. CENTRAL CONTROL UNIT

a. A standard Electronie Industries Association (E1A)
19 inch equipment rack (EIA-RS-310C paragraph 5.4) as
part of a cabinet with levelers and doors (front and
back) with a height not higher than 6 feet shall be
supplied with the equipment.

b. Provide readily accessable connections to other units.
c. Utilize alterable firmware,
d. Consume less than 500 w at 115 vac primary power.

3.4.2.2 REMOTE CONTROL UNIT
REMOTE CONTROL UNIT

a. A standard Electronie Industries Association (EIA)
19 inch equipment rack (EIA-RS-310C paragraph 5.4) as
part of a cabinet with levelers and doors (front and
back) with a height not higher than 6 feet shall be
supplied with the equipment.

b. Provide readily accessable connections to other units.
c. Utilize alterable firmware,

d. Be designed to be éxpandable, in hardware and firmware,
to accommodate up to 5 RANKS and CRTs and up to 10 RFSP(T)s.

e. Consume less than 500 w at 115 vac primary power.
3.4,2.3 PRINTER CONTROL UNIT
a. A standard Electronic Industries Association (EIA)

19 inch equipment rack (EIA-RS-310C paragraph 5.4)

as part of a cabinet with levelers and doors (front and
back) with a height not higher than § feet shall be
supplied with the equipment.

b. Provide readily accessable connections to other units.
c. Utilize alterable firmware,
d. Consume less than 500 w at 115 vac primary power,
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3-".2."‘

REPLACEMENT FLIGHT STRIP PRINTER - In general, the RFSP shall have

the same physical characteristics as the existing FSP.

a. The RFSP shall print on forms identical to the type used with
the present FSP and FDEP printer, (FAA Form 7230-7.2 and 7230-19)
and the supply of forms shall be attached end-to-head, The
resultant strip shall be identical to that product using the
above specified FAA forms.

b. Character formation without readily apparent segmentation of a
DOT Matrix printer shall be legible. The character appearance
shall be "Letter Quality" and legible at a distance of 5 feet
by persons with vision corrected to 20-20, Character sizes
shall be the same as those specified for the existing FSP
(see L27-3008-1). The proposed character font shall be approved
by the Government. The character size tolerances are: upper
case height + 0.009 inches, upper case width #+ 0.005 inches,
lower case height + 0.005 inches, and lower case width + 0.004
inches. :

C. Character printing on on-tenth inch centers minimum. Maximum
to provide compliance with print fields specified in NAS-MD-314
and NAS-MD-315 Section i,

d. RFSPs shall provide vertical spacing capability necessary to
print fields in the format specified in NAS-MD-314 and
NAS-MD-315 Section 4 (approximately 5 lines per inch).

e. RFSPs in remote groups shall accommoate form lengths of one
inch, and RFSPS in central groups shall accommodate form
lengths of 1-1/3 inches. This requirement may be satisfied
by firmware design in the RCU and PCU.

f. Provide illumination of the printed form. This lighted area
should extend from the print station to one form length
(1-1/3 inches) above the print station. No light shall be
omitted from the top of the RFSP in a direction forward of
perpendicular except the light reflected from the printed form.
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3.4.2.5.

8. _ The RFSP shall be designed to physically occupy the same space
as existing FSPs. Physical characteristics for the existing
FSP can be found in Form L27-3008-1 IBM Flight Data Entry and
Printout Description. However, the maximum width of the RFSP
shall be 17.25 inches.

h. The loading of paper shall be a simple and straightforward
operation and shall require less than five minutes.

i. Printed strips shall be available for use or removable upon
completion. The perforations on the paper shall facilitate
the removal of paper strips via a paper separation mechanisms
or tear bar. The ratio of paper strips wasted to paper strips
used shall not exceed 2:1.

J. Shall consume less than 350 w at 115 VAC primary power,
k. The RFSP shall weight less than 60 pounds.

1. The noise generated by an operating RFSP must not exceed the
limits specified in FAA-G-2100c paragraph 3.3.1.7.

REPLACEMENT ALPHA-NUMERIC KEYBOARD - In general the RANK must

physically replace existing ANKS.
o smatlsp (Mod D)

a. The RANK shall be/designed to physically occupy the same space

as existing AN ’ .
; « Physical character-
istics for the existing ANK can be found in Form L27-3008-1
IBM Flight Data Entry and Printout Equipment Component
Description.

b. Provide character and function keys in the layout shown in
Figure 8.

¢. Provide the following status indicators: Power On, Weit

AN d MESSACE wia, Ve (Mmoo d 4+)

d. Provide illuminated keys. A brightness control shall be
provided to vary the intensity of the illumination.

e¢. The keyboard slope and key spacing shall be similiar to the
existing ANK.

b g Consume no more than 250 w at 115 VAC primary power.
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3.4.2.6.

b.

d.

CRT DISPLAY

The CRT Display physical dimension (Including the console
cabinet mountng characteristics) shall be no greater than
18 5/8 inches in depth, 1711/16 inches in width and 17 3/8
inches in height. Mounting for the CRT display shall be
console cabinet on a swivel pedestal tilt rotate base for
table top mounting. The tilt rotate base shall have a tilt
range of :;50 and a rotate range of :;80° and not exceed

5 inches in height. The overall height of the cabinet

and base shall not exceed 22 3/8 inches.

The display area shall have a diagonai measurement no less
than 12 inches.

The cathode ray tube shall have an implosion shield bonded
to the faceplate. The implosion shield shall consist of a
filter suitably etched to provide a non-glare surface, which
is mar-resistant and may be cleaned by readily available
glass cleaning solutions. A P-31 (green non-glare) type
phosphor with a 50 percent matched light filter shall be
used in CRT display.

The CRT display shall comply with the U.S. Department of
Health, Education, and Welfare X-Radiation Safety Rules,
21 CFR, Subchapter J.

Consume no more than 250 w 115 VAC primary power.
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3.4.2.7 CABLES - The contractor is responsible for all cabling.

-8

Ce

d.

e.

The cabling used shall be suitable for RS-232C or RS-U449
applications. EIA-RS-232C cabling is permitted for the
off-the~shelf RFSPs, RANKS, CRTs provided that there is not

any operational degradation up to 300 feet away from the PCU

or RCU in an ARTCC or Tower and Tracon environment respectively.
Cabling for a EIA-RS-U49 to EIA-RS-232C interface conversion

is permitted using the EIA-RS-422 balanced mode for the RCU

and PCU connection(s)/configura-tion(s) in paragraph 3.2,
Figure 5, and paragraph 3.2, Figure 7 respectively and their
peripherals.

All cable terminations shall be clearly identified as to type,
e.g. RANK, CRT, or RFSP.

All cables shall be identified by an alphabetic or numeric
designator at both terminations. The method used for cabling
shall result in a product that will survive the operating and
non-operating environment specified in 3.2.3. The marking
scheme must have the approval of the contracting officer prior
to implementation. The equipment shall be capable of driving
interconnecting cables to consoles a minimum distance of 4000
feet (1219.5 meters). The equipment referred to is the control
unit (i.e., RCU, PCU, and CCU)., :

All intracabinet cabling shall be neatly and efficiently routed
within the cabinet. Cable clamps, ties, or other fasteners
shall be used extenisvely to securely and neatly bundle the
cables and attach them to cabinet frame members. The cabling
shall be designed and constructed to permit all doors and
sliding units to operate freely without binding, scraping, or
in any way wearing or damaging the cables. All FDIO Remote
Group equipment that is not off-the-shelf shall be provided
with a Hubbell 4700 series twistlock A/C power connector that
will mate with a Hubbell U700 receptacle.

The following average cable lengths/distances are provided:

a. 9020 PAM to CCU - 300 ft.
b. 9020 PAM to PCU - 300 ft.
c. CCU to Modems - 300 ft.
d. PCU to RFSPs - 300 ft.
e.” RCU to Peripheral - 300 ft.
f. RCU to Modems - 300 ft.
g AC power distribution panel - 150 ft.
to equipment (control unit)
h. *Ground point to equipment - 150 ft.
i, Peripheral to local Modem - 300 ft.

(Contract Schedule, Article I, Attachment 6 Note 1)

The cable lengths shall be cut to fit as a result of site
survey and reisdual cable shall become FAA property.

The contractor shall provide IBM Serpentine connectors for the
GPI/GPO interface cables associated with the CCU and PCU.

The type of IBM Serpentine connectors shall be 24 pin Type A
as specified in APPENDIX XV.
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3.5.

DOCUMENTATION - The FDIO System shall be provided with a complete

set of documents. This documentation shall inelude a number of
specific data submissions, such as reports, firmware listings,
spare parts lists, test procedures, etc., required by the various
sections of this specification and the contract schedule. The
documenttion shall also include all of the instruction book data
related to the system design. The documentation shall be delivered
for the entire system and for all equipment in the system, whether
manufactured by the contractor or by another vendor. All documen-
tation shall be supplied in accordance with the provisions of the
contract schedule.,

The contractor shall -develop and validate engineering drawings in
accordance with DOD-D-1000B to accomplish the following functions:

g

a. Provide all information necessary to determine layout, install,
and put the lowest level items into operation within the
equipment,

b. Provide sufficient detail to enable evaluation and control
of physical and functional design interrelationships of
interdependent items down to and including assemblies
replaceable at the site organization level.

¢. Provide the information necessary for identification,
description, and cataloging items of supply down to and
including individual repair parts and defined in paragraph
3.15 of FAA-G=-1210d.

d. Provide all information required to accomplish Organization
(Site), Intermediate, and Depot level maintenance on
subassemblies and/or modules of the equipment.

e. Provide the necessary design, engineering, manufacturing,
and quality support information to enable the procurement
of all spare and repair parts to support the FDIO equipment.
Spare parts must duplicate the physical and performance
characteristics of the original parts.

r. The contractor's method of assigning reference designators
and location coding shall meet the requirements of paragraph
3.8 of FAA-G-2100c. The method shall be defined for review
by the FAA Technical Officer or Quality Reliability Officer
at a progress meeting prior to implementation into the data
package.

g. A mark-up of the site drawings approved by the Government

are acceptable for installation, integration and implemen-
tation of the equipment.
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h. Documentation shall be provided as required in the documents
referenced elsewhere in this specification to permit on=-going
maintenance and logistics support of the FDIO after acceptance
of the equipment until completion of the total contract,

(i.e., last site(s) equipment delivered). Revisions reproducible
quality, and identification replacements are delineated in 1,3,
and k.

i. REVISIONS - Documentation required shall be periodically
updated to reflect the latest design level. In the event
that documentation has been submited to the Contracting
Officer, appropriate revision pages in the same quanity
as the earlier submission shall be provided or the document
updated in total if 20 percent or more of the total pages
in the document require updating.

J.  REPRODUCIBLE QUALITY - Reproducibles furnished shall be of
such quality as to permit the reproduction of every line
and character on the reproduced copy. Reproducibles of the
Sepia type shall have a minimum background of field density
(no burned or dark areas).

k. IDENTIFICATION - Documentation produced or updated by the
contractor shall show the centract number conspicuously
displayed on each document, including drawings, and parts
lists to facilitate identification and association with
the contract.

1. A configuration "as buillt" list shall be provided for each

piece of delivered hardware, by serial number and documented
in accordance with DID UDI-E-20409B in APPENDIX III.
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3-501

30502

SYSTEM DOCUMENTATION - Design data used for the guidance of
personnel who install, operate and maintain the system equipment
shall be provided as part of the series of instruction manuals.
Those manuals prepared to describe system level design shall meet
the requirements of FAA-D-2494/1, which addresses Electronic
Equipment Instruction Books. The system manuals shall include:
Description, General Theory of Operation, and Detailed Theory of
Operation.

a. For off-the-shelf equipment, the comtractor shall deliver
two copies of the standard commercial instruction book for
interim use by the Government until the Final Instruction
Book is printed. The commercial book delivered shall
include the following information.

i Description of equipment
i1 Theory of operation

iii Routine maintenance

iv Troubleshooting aids

v Parts list

vi Mechanical drawings or pictures as necesary
to support the theory and maintenance sections

vii  Schematic diagrams or logic diagrams
viii Wiring diagrams (including cabling)
ix Wire lists (when wire wrap is used)
b J Firmware codings and flowcharts

(when firmware is used)

HARDWARE DOCUMENTATION - Design data used for the guidance of the

personnel who install, operate and maintain specific hardware units
of the system equipment shall also be provided through a series of
instruction manuals. Where new manuals must be prepared, they shall
meet the requirements of FAA-D-2U494/1. Standard manufacturers
instruction books, such as those provided with standard production
equipment and standard test equipment may be acceptable in meeting
design data requirements. These standard instruction books would
be acceptable if judged to be sufficiently complete so as to meet
the information content specified in FAA-D-2494/1.
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The contractor shall prepare a FDIO Equipment Instruction
Manual in accordance with FAA-D-2494/1 and /2, and shall
submit the manual to the Contracting Officer for approval
in accordance with the contract schedule. The manual

shall include sufficient level of details on the hardware
and software and their interaction to enable thorough
understanding of all FDIO function. The Manual's organiza-
tion, content, and level of detail, shall be such that
FDIO equipment problems, and problems concerning the inter-
face with external systems and devices, are sufficiently
treated to facilitate equipment troubleshooting.

The instruction book manuscript and/or instruction books
to be provided shall be in accordance with FAA-D-2494/1
and /2, and as delineated in the contract schedule.
Instruction Books must be judged acceptable by the
Government and they must have blownup illustrations to
show interelationship of hardware components, bits and
pleces.

Engineering drawings shall be in accordance with
DOD-D-1000B. Graphic symbols for digital logic diagranms
shall be in accordance with FAA-STD-01l0c.

The contractor shall review the data obtained from the
initial debug of the trouble-shooting sections of the
equipment manuals as necessary to enhance their effective-
ness. The contractor shall develop an equipment operations
and maintenance manual down to the SRU level.

The contractor shall validate and provide for Government
verification of manuals in accordance with FAA-D~2492/1

and /2. The manuals shall be used for the FDIO performance
tests and during the acceptance of the first production
items, Preliminary validation shall be completed prior

to the maintainability demonstration. Final validation
shall be completed prior to the training course.

APPENDIX IV contains "ATTACHMENT 2 excerpts™ of the NAS
documentation standards, here-in-after known as the "DEC-10
SYSTEM STANDARDS®™. Adherence to requirements of APPENDIX IV
{s required by the NAS Documentation Facility at the FAA
Technical Center. This is an option item in the contract
schedule.

MAGNETIG TAPE STANDARDS - Upon receipt of approval of the draft

manuscript from the Contracting Officer, the contractor shall
prepare a reproducible magnetic tape copy, with all corrections
incorporated in accordance with the requirements of Specifications
FAA-D-2494/1 and /2. Reproducible copy is text material on
magnetic tape that can be entered by the NAS Documentation Facility
(DEC 10) at FAA Technical Center and prepared for delivery.

See APPENDIX IV for "INPUT TEXT AND COMPUTER LISTING TAPE STANDARD"
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HARD COPY GRAPHICS STANDARDS - Reproducible (camera ready) graphiecs

copy is an supporting copy for magetic tape text (line art, machine
printouts, mechanical and electronic drawings, logic diagrams, flow-
charts, photographs and negatives) that can be used as a hard copy

input to the NAS Documentation facility (DEC 10) at the FAA Techinecal
Center. See APPENDIX IV for "INPUT HARD-COPY GRAPHICS and TEXT STANDARDS.

3.5.3 TEST DOCUMENTATION - All information concerning the testing of the
FDIO System shall be provided as test documentation. This test
documentation shall consist of test plans, test procedures, and test
data sheets or test reports for all required tests. The requirements
for test documentation shall apply to all levels of testing, such as
system or unit, and to all locations of testing, such as factory or
on-site. Test documentation shall conform to the requirements of
FAA-STD-016 and all other contractual requirements. Test procedures
shall be complete and in sufficient detail to permit evaluation of
their adequacy in demonstrating compliance with specified performance
requirements. In all test documentation, reference to specification
requirements being tested shall be clearly indicated both by
specification paragraph reference and by a brief descriptive title.

3.5.4 RMA DOCUMENTATION - The Reliability, Maintainability and Availability
documentation requirements are specified in 3.7. The Reliability
and Maintainability Demonstration documentation requirements are
specified in 4.3. |

3.5.5 INSTALLATION DOCUMENTATION - The contractor shall provide a Master
Installation Plan, and Site Installation Plans. The contractor shall
also provide As-Built drawings or as an alternative a mark up of
FAA drawing shall be provided.

3.5.6 MAINTENANCE DOCUMENTATION - The contractor shall document the main-
tenance program in the document supplied to meet the requirements
of 3.7.4.

3.5.7 FIRMWARE DOCUMENTATION

3.5.7.1  VENDOR MANUALS - The contractor shall provide copies of vendor
documentation in accordance with the contract schedule. Included
are programmers reference manuals, and documentation on software
or firmware utilities used in the development of system firmware.

3.5.7.2 COMPUTER PROGRAM DESIGN DATA - The contractor shall produce and
provide one reproducible and eight copies of all data required
hereunder to be submitted for design review, including the items
specified- in the subparagraphs below, to the FAA Contract Office (CO)
for review and approval as specified herein and as defined in the
contract schedule. The design data submissions shall conform to the
guidelines for content and format provided for FAA-SRDS-140-SDS-1:
Software Documentation Standards for Program Development. They shall
be organized to reflect the contractor's approach to the provision
of the computer programs in accordance with specified requirements.
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The submission of design data shall not be used to propose
modifications or alternates to details of the software require-
ments or a change in scope of the contract. The design data
referenced below shall include all computer programs to be
produced by the contractor under the terms of the contract,

as detailed by this specification and any addenda thereto.
Paragraphs 3.5.7.2.1 through paragraphs 3.5.7.2.6 shall be

used when tasked specifically by a contract schedule line item
that utilizes a software function.

3.5.7.2.1. OPERATIONAL COMPUTER PROGRAM DESCRIPTION (OCPD) - The OCPD shall
serve to identify, in general terms, the functions of the
operational computer program including descriptions of system
functional capability, equipment configurations and variations,
each functional area, and each version and its implementation plan,

3.5.7.2.2. COMPUTER PROGRAM FUNCTIONAL SPECIFICATION (CPFS) - The CPFS shall
Specify, in minute detail, all the functions required of the
computer program in order to satisfy system requirements.
Included shall be detailed descriptions of those functions and
their performance criteria, to be provided by the computer
programs. Operational limitations, constraints or other quali-
fying data shall be included.

3.5.7.2.3. SOFTWARE INTERFACE CONTROL DOCUMENT (SICD) - The SICD shall
describe computer program interface communications between
all interacting systems or system components. The SICD shall
provide detailed descriptions of the interface channels,
hardware operation, startup/startover, interface order and
control words, and data transfer.

3.5.7.2.4. PROGRAM DESIGN SPECIFICATION (PDS) - The PDS shall translate
the functional specifications of the system into the resultant
program design for that system. The PDS shall provide a
description of system organization, message logic flow, program
interfaces, and program storage and timing requirements.

3.5.7.2.5. SOFTWARE DESIGN DATA (SDD) - The SDD document shall describe
all the program information on the internal design of the
system. The SDD shall contain descriptions and logic flows
of ‘each program/routine of the subsystem, storage requirements
and timing estimates, and program source listings.

3.5.7.2.6. DATA BASE TABLE DESIGN SPECIFICATION - The Data Base Table Design
Specification shall include a detailed description of each table,
including its functional dimensions, usage, lock requirements,
ordering and general design considerations. The specification
shall also include inter-table relationships, definition and
layout, data descriptions, and any restrictions or limitations.
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3.5.7.3

305-70".

3.6.

3.7-

SYSTEMS USER'S MANUAL - The Users Manual provides the information
needed to enable the user to control and operate each computer
program. A complete list of terms and abbreviations used in the
document shall be provided. Also, it shall provide a general
program description plus description of the enviromment and use,

A general description of progrm requirements and constraints shall

.be included, as appropriate. The User's Manual shall contain

detailed deseription of:

(a) Input formats and devices

(b) Output formats and devices

(e) Control and diagnostic messages

(a) Options and their control

(e) Services request available

(r) Calling sequences

(g) Startup and startover“procedurqs

FIRMWARE LISTINGS - The contractor shall provide commented,

source code firmware listings for all programs.

INTERCHANGEABILITY - All items of off-the-shelf equipment shall

be furnished at the same revision level of a particular model
including information contained in all levels of instruction books. -

Replacement parts, components, assemblies, subassemdlies, PCBs,
and modules shall be identical and at a common revision level
and they shall be interchangeable. This information shall be
contained in all levels of Instruction Books.

SYSTEM RELIABILITY AND MAINTAINABILITY - The contractor shall
plan and implement reliability and maintainability programs to
meet the detailed performance requirements of this specification.
The reliability program shall be structured in accordance with
MIL-STD-785B, except as modified herein. The replacement system
shall be so designed and configured that in conjunction with the
reliabtlity requirements and the maintainability requirements
the availability requirements will be met. The requirements

as imposed in this section are not exclusively hardware oriented.

A remote ‘group system is 3 RFSPs, 2 RANKs, 1CRT and 1 RCU.

A central group system is 2 CCUs, 4 PCUs and 20 RFSPs. The
aforementioned quantities of equipment constitute a FDIO System
and they shall be used for all Reliability and Maintainability
program tasks. A failure in anyone (SEE FIGURE 5 OR 7) of these
units shall constitute a system failure. . . -
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3.7.1.

3.7.2.

3.7.2.1.

3.7.2.2.

GENERAL - The reliability, availability and maintainability

definitions used in this specification are those of MIL-STD-721C,
APPENDIX XI and paragraph 1.2.2.

(a) Component - An assembly or any combination of parts,
subassemblies and assemblies mounted together, normally
capable of independent operation.

(b) Module - & preassembled, organized group of parts complete
in itself which is an element of a component and which
can be removed and/or replaced as a single entity.

(c¢) Standard Parts - Standard parts are those parts delineated
in FAA-G=-2100c.

(d) Non-Standard - Nonestandard parts are parts not delineated
in FAA-G-2100c.

(e) Function Failure - A function failure is a failure that
causes either the complete or partial loss of a functional
capability.

(f) Equipment Failure - An equipment failure is a "black box",
module, card, or part failure whose impact upon the system
functions may vary from a minor maintenance action to
catastrophic. An equipment failure is a relevant failure.

(g) System Failure - A system failure is a loss of service or
any single point (relevant) failure. _.

NUMERICAL RELIABILITY, MAINTAINABILITY, AND AVAILABILITY REQUIREMENTS.

The system shall meet the following specified numerical requirements
over the full range of envirommental conditions specified in 3.2.3.1.

PREVENTIVE MAINTENANCE - Preventive maintenance on all FDIO elements
shall be limited to cleaning, inspection, adjustments and replacement
of parts in accordance with their service lives or as found necessary
during inspection. This shall be limited to a maximum of the following
times for each element:

(a) CCU: 30 minutes per quarter
(b) RCU: 30 minutes per quarter
(e) PCU: 30 minutes per quarter
(d) RANK: 90 minutes per quarter
(e) CRT: . 90 minutes per quarter
(f) RFSP: 2 hours per quarter

BENCH REPAIR TIME - The mean bench repair time for any assembly, module,

or printed circuit board shall not exceed four hours; and the maximum
bench repair time shall not exceed six hours.
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3.7.2. ul

307.2.50

3.7.206-

3-70207.

307-30

MEAN TIME BETWEEN FAILURES - The MTBF requirements for FDIO units

are as follows:

CCu:
RCU:
PCU:
RANK:
CRT:
RFSP:

(a)
(b)
(e)
(d)
(e)
()

10,000 hours minimum

10,000 hours minumum

10,000 hours minimum

10,000 hours minimumv

10,000 hours minimum ¥

90 days of average usage where average usage is
equal to 1,000 strips printed per day with all
fields printed with a density of 40%. For this
calculation enroute output strips shall be used.
(1 1/3 inch vertical form). The print head life
of a dot matrix printer shall have a minimum of
90 days of operational usage.

MAXIMUM TIME TO REPLACE (DISCONNECT AND CONNECT .

(a) cCCU: 15 minutes 6 .
(b) RCU: 15 minutes q1 ,ﬂ}
(e) PCU 15 minutes qq -
(d) RANK: 5 minutes N
(e) CRT: 5 minutes 2
(f) RFSP: 5 minutes :
99775
MEAN TIME TO REPAIR (MTTR).
(a) CCU: 30 minutes maximum
(b) RCU: 30 minutes maximum
(e) PCU: 30 minutes maximum
(d) RANK: 30 minutes maximum
(e) CRT: 30 minutes maximum
(f) RFSP: Mechanical Failures - 90 minutes maximum
Electronic Failures - 30 minutes maximum

MAXIMUM REPAIR

TIME (FOR 95% OF ALL REPAIRS).

(a)
(b)
(e)
(d)
(e)
(r)

CCU:
RCU:
PCU:
RANK:
CRT:
RFSP:

Group shall be

45 minutes maximum

45 minutes maximum

45 minutes maximum

60 minutes maximum

90 minutes maximum
3 hours maximum

MEAN TIME TO RESTORE - The MTR for a Remote Group or a Central

less than 30 minutes.

RELIABILITY PROGRAM ~ The contractor shall implement and maintain

a reliability program in accordance with the following paragraphs.
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3.7.3.1.

RELIABILITY PROGRAM PLAN - The contractor shall submit for

Government review and approval a reliability program plan in
accordance with MIL-STD-785B. The reliability program plan shall
be submitted in accordance with the contract schedule.

ae.

b.

Ce

The contractor shall conduct a reliability plan in accordance
with MIL-STD-785B, which covers TASKS 101, 104, 202 and 203
therein. The contractor shall meet the reliability require-
ments in paragraph 3.7.2.3 to the extent specifled. A reli-
ability program overview is delineated in APPENDIX A of
MIL-STD-781C. The plan shall be documented per data item
description DID DI-R-2113 in APPENDIX VII.

The contractor shall perform reliability tests in accordance
with the MIBF tests of in Section 4.0. The FDIO performance
parameters shall be recorded for each performance measurement.
The unit failures and test data shall be recorded and analyzed
and corrective action taken as delineated in paragraph
3.7.4.3.4. Operational time shall be accumulated for this
requirement after satisfactory completion of the contractor's
preliminary test prior to the tests for the Government,
Failure data shall however, be recorded and analyzed from

the start of the reliability test until acceptance of the
first production unit by the Government.

The Reliability test procedures shall be done in accordance
with DID DI-R-7035 in APPENDIX VIII.

When a unit of equipment has been rejected by the FAA
Technical Officer, or Quality and Reliability Officer as a
result of reliability test, each unit shall be reworked as
necessary, reinspected, and another random unit sample
drawn for another reliability test. In the event that the
cause of the failure is faulty equipment, FDIO manufacturer
design or part manufacturer design, corrective action shall
be performed on all equipment delivered under the contract.

The contractor shall conduct a reliability assessment at the
conclusion of the Reliability MIBP tests. This assessment
shall be at the module/printed circuit board level.

Upon successful completion of reliability testing, tested
equipments shall be returned to the production area for
reinspection and reconditioning as required and shall be
Subjected to the test that remain, to assure that the
requirements are met. After conditioning, reinspection,
and retesting, the equipment shall be delivered as part of
the contract quantity, provided it passes all subsequent
tests,
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3.7.3.3.

3.7.3.3.1.

RELIABILITY MANAGEMENT - The contractor shall have one clearly

iumnudmeuumuehmeM&wﬂer%mmmhfw

the planning and management of the reliability program and for
insuring its effective execution. The individual designated as
head of this reliability management orgarc.zation shall have the
authority, resources and access to management necessary to enforce
compliance with the reliability requirements of this specification.

a. The contractor shall be responsible for interfacing
efforts in accordance with MIL-STD-785B.

RELIABILITY PROGRAM TASKS - The reliability program shall include
all the task elements defined in 3.7.3.1. of MIL-STD-785B with
the following tasks modified as indicated in the paragraphs that
follow.

DESICN REVIEWS - The reliability program shall include design

reviews of the system; its funetion, hardware, firmware and
specified performance requirements. These reviews shall be
critical audits of the design to analytically demonstrate and
assure compliance to the requirements of this specification,

As a minimum, two reviews shall be held. They are preliminary
design review and a critieal (prior to design release to
manufacturing) design review. Other reviews may be called as
necessary either by the contractor or by the Government. All
of the Tasks as enumerated in 3.7.3.3.2 through 3.7.3.3.4 shall
be items covered in all design reviews with appropriate documen-
tation as required by the contract schedule. The contractor
shall address the factors in 3.3.2 for each element (RCU, PCU,
CCU, CRT, RFSP and RANK) at each stage in the system design.

a. The contractor shall discuss the status of reliability
program efforts and prepare a test procedures report
for each of the reviews., This test procedures (optional
in contract schedule) which shall also include reliability
status and shall be documented in accordance with
DiID DI-R-2119 in APPENDIX V.
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3.7.3.3.2.

307.3.3.3.

3.7.3.3.3.1.

3.7.3-3.1‘.

RELTABILITY/AVAILABILITY APPORTIONMENT - The reliability/availa-

bility requirements shall be apportioned to each of the components
of the system. These apportionments shall show how the
contractor intends to comply with the requirements of this
specification. The apportionments shall be submitted at the

first design review. Any changes in the apportionments shall

be submitted to the Government for review and response, The
approval or disapproval of any apportionment does not release

the contractor from meeting the reliability/availability
requirements of this specification.

a. The contractor shall prepare and submit the subject R
& M AAA reports. The initial report, containing a
complete detailed analysis of the equipment reliability
and maintainability predictions, models, and a summary
of the reliability program shall be submitted to the
Contracting Officer in preliminary form after contract
award within the time specified in the contract schedule.
The Government will review the report and furnish comments
to the contractor in the time specified in the contract
schedule after receipt of the report. The report shall
be updated to reflect the Government's comments and the
final equipment configuration and shall be resubmitted
with the reliability test procedure or the maintainability
test procedure, whichever is submitted earlier. The final
report shall include the assessment of the test results
(both R and M tests). The R & M AAA report shall be per
DID UDI-R-23570 in APPENDIX VI.

RELIABILITY ANALYSIS AND PREDICTION - The contractor shall provide
a reliability prediction in accordance with the benign analysis
method of MIL-HDBK-217D, except for the RFSP and RANK for which

the contractor shall provide a preliminary analysis and prediction
based on empirical test data, which demonstrates that these devices
meet the requirements of 3.7.2.3. The empirical test data may

or may not have been gathered in accordance with MIL-HDBK-217D,

but if not, the contractor must include a full complete description
of the test methods and results along with the preliminary analysis
and prediction.

THERMAL DESIGN ANALYSIS - The contractor shall determine the

thermal profile in any packaging configuration to be used.

The design shall provide the means necessary to assure that all
parts, components, and equipments, as they are used, are compatible
with the environmental conditions of this specification.

PARTS AND MATERIAL CONTROL - The contractor shall establish a parts

control task to ensure proper application of all parts. Parts
Quality shall be in accordance with paragraph 3.8.2. Part
applications in commercial equipment shall be within the parts
ratings under all specified operational and storage conditions
(SEE 3.2.3). Similarily, the deterioration rate shall be
consistent with the MIBF requirements specified in 3.7.2.3

and shall be selected to minimize the replacement rates.
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3.7.4.3.

3.7.4.3.1.

MAINTAINABILITY PROGRAM.

MAINTAINABILITY PROGRAM PLAN - The contractor shall submit for

Govermment review and approval a maintainability program plan
in accordance with MIL-STD-470 in its entirety, except as
modified by this specification. The program plan shall include
a Milestone chart inecluding predictions, and maintainability
demonstration. The maintainability program plan shall be
submitted in accordance with contract schedule.

a. The contractor shall conduct a Government approved
maintain ability program plan in accordance with
MIL-STD=-470 to the extent specified in this
specification. The plan shall be issued per
DID UDI-R-23558 in APPENDIX IX.

b, The contractor shall be responsible for interfacing
efforts in accordance with MIL-STD-l70.

C. The contractor shall direct his maintainability effort
in consonance with the maintenance consideration set
forth in the requirements of this specification.

MAINTAINABILITY MANAGEMENT - The contractor shall have one

clearly identified organizational element which will be
responsible for planning and managing the maintainability
program. The individual designated as head of this maintain-
ability organization shall have the authority and resources

and access to management necessary to enforce compliance with
the maintainability requirements of this specification.

The maintainability organization may be part of the reliability
organization as delineated in 3.7.3.2.

MAINTAINABILITY PROGRAM TASKS -« The maintainability program

shall include but not to be limited to the following tasks.

MAINTAINABILITY APPORTIONMENT - The systems availability

requirements shall be allocated to establish detailed equipment
maintainability requirements. These allocations should be in
accordance with the reliability/availability requirements
imposed upon the various positions and hardware items,

These maintainability equipment position apportiomments shall
become the detailed equipment requirements. However, the
contractor shall retain the necessary flexibility required

to reallocate or trade-off of available parameters to meet
system requirements. The maintainability apportionment shall
be submitted in accordance with the contract schedule.
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3.70 ”.3.2.

3.7.4.3.3.

MAINTAINABILITY ANALYSIS AND PREDICTIONS - Maintainability
analysis and preductions shall be performed for each element of
the FDIO. Maintainability analysis shall be in accordance with
5.2 of MIL-STD=470. Predictions of mean corrective maintenance
shall be performed in accordance with Procedure II, Part A,
Corrective Maintenance, MIL-HDBK-472. The contractor is not
required to perform empirical tests on Components, i.e., 3.2.1l(c)
of MIL-HDBK-4T72 does not apply. The Contrator may use manufacturer
supplied data for all reliability and maintainability analysis.
Preventive maintenance requirements shall be determined and the
schedule, procedurs, and the estimated duration of each preventive
maintenance task shall be reported as part of the maintainability
prediction results. The design shall optimize the realiability/
maintainability not only through the proper selection of parts,
derating and redundancy but through adequate system partitioning
to enable speedy location and replacement of failed items.
Maintainability analysis and predictions shall be submitted in
accordance with the contract scheduls.

a. The contractor shall perform a maintainability analysis
in accordance with MIL-STD-470.- The quantitative and
qualitative data obtained from this analysis shall be
used as an input to other maintainability tasks such as
allocation and prediction.

b. The contractor shall perforaz a maintainabllity prediction
of the FDIO. The prediction shall be made to the
subassembly level of complexity in accordance with
MIL-HDBE-472 Procedure II, Part A, with normal distribution
assumed. The data shall be used to determine the FDIO
MITR. The CRT and the CCU are also part of the model.

MAINTAINABILITY DEMONSTRATION -~ A maintainability demonstration

of achievement of the specified mean and maximum corrective
maintenance times and specified preventive maintenance times
shall be performed as specified in 4.3 and the contract schedule.
A Maintainability Demonstration Test Plan shall be submitted

in accordance with the contract schedule. Specification Control
Drawings (SCD) shall be used by the contractor to procure all
nonstandard parts. Each SCD shall contin the manufacturer's

part number, a JEDEC, RETMA, or equivalent part number or
designation, failure rate, level of screening required, electrical
characteristics, physical characteristics, performance parameters,
and any other descriptive information as required by FAA-G-2100C.
SCDs shall be submitted to the Government for review and response.
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The contractor shall develop a maintainability demonstration
plan in accordance with MIL-STD-471A with the exception of
paragraphs 4.1.2.3., 4.1.2.4., 4.1.2.9., and section 4.1.3.
The demonstration plan shall be considered an extension of
Phase I as discussed in paragraph 4.1.2.2 of MIL-STD-4T1A.
The contractor shall conduct a maintainability demonstration
in accordance with the approved maintainability demonstration
plan. The contractor shall measure and record time to repair
on the FDIO from the start of module level testing to the end
of equipment unit level testing. The M Demo Plan shall be
documented per DID UDI-R-23564 in APPENDIX X.

The maintainability requirements shall be demonstrated by
replacement of modules and chassis-mounted electronie,
electrical, and electromechanical components and parts

at the organization (site) maintenance level. A list of
100 faults shall be prepared for the equipment maintain-
ability demonstration in accordance with APPENDIX B of
MIL-STD-471A. The Government representative shall use
this list as a guide to select a random part. Fault
simulation for modules shall be accomplished by introduc-
tion of faulty part corresponding to the number selected.
This part of the demonstration shall be conducted in a
space environment (including clearances) similar to that
in which the equipment will be installed. The emphasis
shall be on the system restoration time rather than a
specific equipment (i.e., RCU, CCU, etc.) MITR.

The maintainability demonstration shall exhibit that the
FDIO has met MITR criteria prior to the delivery of the
first FDIO.

The Government M-Demo participant will be a electronics
technician who will be responsible for maintenance as
defined in FAA-E-2552A., The contractor shall provide an
equipment manual within the time specified in the contract
schedule so the Government technician can review it prior
to the M-Demo.

Technical documentation to be used for the maintainability
demonstration shall be limited to the equipment technical
manual.

If the Government representative determines that the
contractor had failed the M-Demo, the Goverrment contracting
officer shall be immediately notified by the contractor.

The contractor shall identify hardware and firmware test
points in the documentation to be reviewed prior to the
M-Demo by the Government.

The contractor shall conduct a maintainability assessment
at the conclusion of the maintainability tests.
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3.7.4.3.3.2.

307. ‘l.3.4.

MAINTAINABILITY DEMONSTRATION TEST LOG - A chronclogical test log

shall be maintained throughout the maintainability test and shall
provide the details of all significant events.

MAINTAINABILITY DEMONSTRATION TEST REPORT - A maintainability
demonstration test report shall be submitted in accordance with the
the contract schedule. This report shall document the results

of the test. It shall provide the detailed calculations of the
demonstrated maintainability. The report shall also include a

copy of the maintainability demonstration test log.

FAILURE REPORTING, ANALYSIS AND CORRECTIVE ACTION - The contractor
shall establish a closed loop system for reporting all failures.

A closed loop system is one in which the contractor's progranm
management office receives individual failure reports and assures
that the appropriate Engineering, Reliability and Quality Assurance
groups have performed the necessary analysis, repair and corrective
action. The level of failure reporting within the equipment

(e.g., circuit board, module, etc.) shall be delineated in the
technical proposal. The reporting shall commence with the first
application of power and continue through completion of testing.
The failure report shall include all pertinent conditions concerning
the failure occurrence, in sufficient detail to permit an adequate
and conclusive failure analysis., It shall include, as a oinimum,
the following. ’

(a) Failure identification with date and time.

(b) Equipment involved, level of failure, i.e., component PCB
etc., and operational mode.

(ec) Environmental condition, type of operation or test and
diagnosis time, and repair and checkout times.

(d) Failure analysis consistent with (b) above,
(e) Corrective action.

Fallure data reports, inecluding analysis results, shall be
maintained by the contractor and shall be made available to the
Government on request. The Government representative shall be
notified of any failure within one working day of its occurence.

(f) * The contractor shall include procedures for failure reporting,
analysis, and corrective action included in the reliability
program plan per Task 104 of MIL-STD-785B. The failure
reporting system shall ensure that all failures which occur
from the start of Subassembly and assembly fabrication and
test are recorded and reported to the procuring activity.
Every failure shall be analyzed to determine if there is a
failure or faulty mechanism which can be eliminated to prevent
future failures. Corrective action shall be performed only
to the extent allowed by commercial off-the-shelf vendors,
suppliers, and subcontractors.
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3.7.4.3.4.1. FAILURE SUMMARY REPORTS - Monthly summaries of failures shall be
submitted during all phases of manufacture and test commencing
with the preproduction model and all subsequent models. They
shall include identification of each failure analysis report,
the equipment failure mode and cause of failure, corrective
action recommended, status of corrective action implementation,
and relevancy (for reliability demonstration test failures).
The summaries shall be so reported that trends, patterns, etec.,
can be discerned.

a. The final decision as to the relevancy of a failure shall
be made by the Government using the failure categories of
MIL-STD-781C and APPENDIX XI. Any operational discrepancy
or degradation that requires an unscheduled adjustment
under test, shall be specified as a relevant failure.

b. The contractor shall record any and all failures which
occur during the FDIO unit testing in accordance with the
failure reporting analysis, and corrective action require-
ments of the approved reliability program plan.

3.7.4.4, MAINTENANCE PHILOSCPHY/CONCEPT - The contractor shall develop and
provide the provisioning data in accordance with FAA-G-1210d and
the technical instruction books in accordance with FAA-D-2U494/1a
and 2a in consonance with the maintenance philosophy delineated
below. If the option for training is exercised, this paragraph
is also applicable to the extent specified in the contract schedule
line item for Training. The FAA requires that restoration of
failed FDIO's to the original specified condition shall be
undertaken at the appropriate one of the following three
(a,b, and ¢) levels of maintenance by FAA:

a. ON SITE/OPERATION AREA/REMOTE FACILITY LEVEL MAINTENANCE.

On site maintenance at the ARTCC or TRACON or ATCT
operational area will be performed by personnel using
equipment available at each site. Equipment maintenance
at the ARTCC, TRACON, ATCT, and terminal facilities

shall be facilitated by fault isolation to the LRU or
module, using the built-in fault isolation capability
such as diagnostics and indicators which preclude the
need for special test equipment. Restoration shall be
performed by removal and replacement of failed assemblies,

PCBs, or modules. Such—resterations—shail-net—requirs.
~equipment. to be readjustede—In-—place restoration—of-
Ffalled—piecs-parts—(ergryired—in-selder _type) shall be-

+ Mechanical
components may require adjustments or the replacement
of parts.
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b. INTERMEDIATE (MAINTENANCE HUB) LEVEL MAINTENANCE -
Intermediate level maintenance of repairable failed
equipment and piece part replacement within :
will be performed at the central/ARTCC madif tenance
area (the "HUB Such maintenance st
all repairs that cimnot be perfored at the on-site
ARTCC or Remote Facility~qperational area but can be
performed within the ez es of the personnel at

q.) The sites in ARTICLE I contract schedule“ATTACHMENT 1
C,MOA' ar® the central maintenance areas/HUBs.

f[ L J;/?oT‘A-CCoM /fa‘/to’ c.mﬂ< DEROT LEVEL MANANCE = The depot accomplishes

j,g/yo,vJ e b,%?f‘ps 0P litea of the intermedie

/ 8 mcdules that are not

‘ shaTIoNs repairable at the ARTCC/HIB>wLI] be repaired or over-

Thi ow ‘S'f.-f;. ISV:—O;" hauled at the depot: Items whose repair and overhaul

RemoTe FACIily /. B [, | 8t the depSt is not econcmically feasibImysill be

MAINTLNANVCE. [svel ; ned to the manufacturer or discarded.

Foi0 Asscmblics PEBS o

J¢s T‘#’f' po 93 . BENCH REPAIR - If bench repair, (at the HUB or Depot) of
mod-a, . 7% failed assemblies, cards or modules requires special tools

Rxpﬂﬂ#b(b oN SITE s/l or equipment, these aids will be documented as prescribed

bs ,Q_,;fﬁ..,g,“l OR Abory ‘_J in FAA-G-1210d entitled PROVISIONING TECHNICAL DOCUMENTATION.

&, .

AT J‘P+' 3.7.5. SYSTEM MAINTENANCE PLAN - The contractor shall provide a systems
maintenance plan which delineates all maintenance equipment,
software, procedures, and personnel requirements for maintaining
the system. As part of the design, interfaces shall be provided
with the data processing equipment, and data entry and display
equipment to aid in accomplishing the maintainability requirements
and to be in consonance with the maintenance concept as delineated
in 3.7.4 and the contract schedule.

The maintenance plan shall provide programs for performing periodic
maintenance using centralization and automation. Manual techniques
shall, to the extent possible, be minimized. The maintenance plan
documentation shall be submitted in accordance with the contract
schedule.,

a. Maintenance is the action necessary for retaining the FDIO
in or restoring it to an operational condition. Maintenance
includes servicing, repair, removal and replacement, modifi-
cation, inspection, calibration, overhaul, and negative
condition verification. Corrective and preventive maintenance
tasks are as defined in this verification. The contractor
shall perform and verify preventive maintenance task times
and corrective maintenance task times during the Maintaine
ability Demonstration. The contractor shall delineate the
preventive maintenance tasks and spare parts list in develop-
ing Instruction Books and Provisioning Data. Preventive
maintenance tasks are permited during the tests.
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3.8. MATERIALS, PROCESSES, AND PARTS

3.8.1. PARTS AVAILABILITY - The parts or material used shall be avallable
in the United States of America. The bulk of the equipment shall
be standard off-the-shelf units or sub-units and modules.

3.8.2. PARTS QUALITY - Selection of materials, processes, and parts shall
be consistent with the requirement of producing a system that is
not necessarily a completely MIL-Spec design type, but rather a
system economically produced and capable of performing its specified
functions with ruggedness and durability. Microelectronics, in
equipment of new design that is not commercially off-the-shelf,
shall use as a minimum ceramic components (SEE PARAGRAPH 3.7.3.3.%4).

3.8.3. TOXICITY - The materials chosen shall be of low toxicity not having
dangerous gases due to fire or toxic effects when used in a normal
manner,

3.8.4, FUNGUS - The materials chosen shall be non-nutrient to fungus and
insects, flame resistant, non-hydroscopic, and not adversely
affected by the environmental conditions specified herein before.

3.8.5.  USED PARTS - All parts and materials used in the equipment shall
be new.

3.8.6. GLASS -~ All glass used in the equipment shall be shatterproof glass,
and shall be clear and free of distortion of all viewing angles.

3.8.7. CABINETS - The equipment cabinets. shall be constructed to maximize
attenuation of electronic and magnetic field radiation outside the
cabinet due to operating equipment inside the cabinets. The cabinets
shall also be designed and constructed to maximize attenuation of
electric and magnetic field radiation inside the cabinet due to the
operating equipment outside the cabinets. EMI Control measures shall
not increase electrical shock hazard to perscnnel from equipment
cabinets and steps shall be taken to prevent shock hazard to personnel.

3.9. FINISHES - All equipment racks and cabinets shall be fully painted on
all interior and exterior metal surfaces. Surface cleaning, priming
and finish painting shall be in accordance with FAA-STD-012. All
surfaces shall be prime painted in a neutral color. All exterior
surfaces ghall be finish painted.

Exterior metal surfaces of equipment cabinets and consoles, with the
exception of front panels, shall be fully painted with color selected
from FED-STD-595A. Painted cabinets supplied as part of standard
commercial equipment do not have to be repainted just to change the
color. Front panels of new design or modified equipment shall be
painted with color selected from FED-STD-595A. Cabinet trim of brushed
aluminum or stainless steel need not be painted. Work surfaces shall
be covered with a hard plastic substance with a thickness of at least
0.04 inches (one millimeter). The Government will select the color
within 90 days after contract award.
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3.10 COOLING - All of the equipment shall use simple cooling techniques
based on conduction, radiation, and free convection, using room
air, to the maximm extent possible. Equipment requiring separate
dedicated cooling systems shall not be used. Forced air cooling
shall be used only when free air cooling is inadequate.

3.11 EMI ELECTRICAL DESIGN CONSIDERATIONS - All equipment shall be
electrically constructed to minimize electric and magnetic field
emissions and to minimize equipment susceptibility to electrie and
magnetic fields. The contractor shall locate and correct any opera-
tional deficiencies in equipment performance due to susceptibility
of any unit of equipment to emissions from other units of equipment
in the ARTCC. The contractor shall locate and correct any opera-
tional deficiencies in contractor provided equipment when the
Government has determined that the contractor's equipment is respon-
sible for an EMI problem in other NAS facility located equipment.

3.12 NAMEPLATES AND PRODUCT MARKING

(a) Nameplates shall include the manufacturer's name and contract
number and shall be located in a conspicuous place, preferably
on the back panel of the item.

(b) The plates shall not interfere with. controls or obscure other
information.

3.13 SAFETY - The design of all elements of the system shall provide
protection against personal injury and equipment damage. System
safety engineering principles shall be in accordance with
MIL-E-U4158, paragraph entitled "Safety of Personnel”.

3.14 MONITORING - Monitoring of all replacement FDIO equipment shall be
performed locally but will be aided by the autodiagnostic capabili-
ties included in each element. Alarms or other indicators shall
be provided to alert users to marginal or unsatisfactory performance.

3.15 CERTIFICATION - The methods provided by the system for obtaining the
parameters necessary for certification shall be as automated as
possible, however, manual operation of input devices and visual
confirmation of output response shall be performed periodically.
Preventive maintenance checks, performance checks and verification
of standards and tolerances and will be performed during certification.

3.16 TRANSIENT PROTECTION AND GROUNDING - The design of FDIO equipment
must provide for transient protection, lightining protection,
grounding, bonding and shielding requirements as specified in FAA
Standards 019 and 020. Theoretical considerations and design guide-
lines for effecting this protection are included in FAA Orders
6950.19 and 6950.20. :
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4.1

QUALITY ASSURANCE PROVISIONS

QUALITY CONTROL PROGRAM. - The contractor shall provide and maintain

a quality control program in compliance with FAA-STD-016. The
contractor shall prepare an Acceptance Test Plan which shall describe
the hierarchy and philosophy of testing for the FDIO System. The
Acceptance Test Plan shall clearly provide for tests at the equipment
unit level, the equipment group level and at the system level.

The Acceptance Test Plan shall clearly provide, as a minimum, for
the testing as specified in this section. The Acceptance Test Plan
and subsequent test procedures may be prepared in the contractor's
format and may follow reasonable and customary procedures for a
commercial computer grade system of this type; however, it shall

be subject to FAA approval. As a part of the Acceptance Test Plan,
and in correlation with the test hierarchy, the contractor shall
provide and maintain a specification compliance schedule. This
schedule shall clearly indicate, by specification paragraph
reference and description of requirements, what test procedure

will be used to demonstrate compliance with each requirement of

the specification. As part of test planning, a list of tests

shall be supplied with the preliminary design data. This list
shall contain and identify all factory tests and inspections
necessary to demonstrate complidnce with the specified requirements.
These tests shall be performed by the contractor and the contractor
shall furnish all equipment, space and personnel required for

their performance. Unless specified otherwise, the contractor's
facilities shall be used or those of a commercial laboratory
acceptable to the Government at the contractor's expense,

Final acceptance tests for each group will occur after integration
of that group to the NAS system. Post integration group tests

and system level tests will be supported by the FAA due to physical
and geographical factors.

GOVERNMENT INSPECTION - Unless otherwise specified, the tests and

examinations to determine compliance with the electrical and
mechanical requirements of section 3.0 shall be made by the
contractor and shall be subject to Government inspection.

The term "Government Inspection” as used means that an FAA repre-
sentative will witness the contractor's testing and examinations
and will carry out such visual and other inspections as deemed
necessary to assure compliance with contract requirements.

The Government reserves the right to waive Government inspection
at the contractor's plant. If Government inspection is waived,
the contractor shall furnish certified inspection records describing
the readings or results obtained during the examinations and

tests required in this section 4.0. The data must demonstrate
that the equipment meets contract requirements, include the state-
ment; "This certifies that this wnit fully meets all technical
requirements of the contract," and be dated and signed by a
responsible official of the contractor. Shipment shall not be
made until the contractor receives written Government approval

of the equipment inspected, or the certified inspection records.
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4.1.2

ACCEPTANCE TEST PLAN - The contractor shall submit after contract
awvard, within the time Specified in the contract Schedule,

a plan, for Government approval, which outlines the acceptance
testing program required to demonstrate compliance of the

FDIO subsystem with the requirements of the Contract. The

plan shall include but not be limited to the following:

a. The plan shall provide an overview of all proposed
test aotivities for all PCB's and equipment and for
both the initial units and subsequent production units,
Specific test activities shall be identified which
comprise the contractor's Performance Tests within the
meaning of FAA-G-2100¢ (except, on page 36, Table V,
under Specification Requirement delete: "Electromagnetic
Interference” and under paragraph Number delete: "3.3.2.6")
and Paragraph 4,2. Site acceptance tests and conformance
tests shall be performed in accordance with paragraphs
4.2.1 through 4.2.3. The overview shall clearly identiry
all test activities required to demonstrate compliance
with all tests in section 4.0, 1ist tentative start
and completion dates, define the units and numbers
of units involved in each test activity, describe the
objectives of each test activity, and list the test
documentation required.

b. For each test activity identified in a. above, the
plan shall provige detailed requirements. The approved
Plan shall be used by the contractor as a basis for
developing the equipment test procedures and data sheets.

€. A schedule showing the planned time periods for the
performance of all test activities shall be included
in the Acceptance Test Plan. This plan shall provide
for completion of all test activities ineluding-faetory
acceptance tests and site acceptance tests within the
time after contract award specified in the contract

d. The contractor shall provide an Implementation plan
in accordance with DID DI-T-3737 in APPENDIX XarI.
This is an option item in the contract schedule,
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4.1.3 EQUIPMENT TEST.PROCEDURES - The contractor shall submit preliminary
test procedures to the Govermment within the time specified
in the contract schedule, and prior to each test activity
defined by the approved test plan., The test procedures shall
be comprehensive documents including all details necessary
to assure that the test procedures and testing thereto will
satisfactorily demonstrate equipment and system compliance
with all functional, environmental, electrical, mechanical,
reliability maintainability, output, and response time require-
ments as contained in section 3.0.

The Government will review the preliminary test procedures after
receipt thereof and provide comments to the contractor within
the time specified in the contract schedule., The contractor
shall update the procedure, and resubmit in final form for
Government approval within the time specified in the contract
schedule and prior to test. Each test section of the test
procedurs shall reference the specified requirements of

section 3.0 which are being verified by the test described

in section 4.0.

For contractor-conducted acceptance tests, the contractor shall
notify the Govermment in writing of test dates, at least as

far in advance of the tests as the time specified in the contract
schedule. The Government reserves the right to witness any

and all tests and to require re-testing as may be needed to
verify compliance with paragraph 4.2, and 4.3. Test procedures
and data sheets shall comply with all requirements of FAA-STD-016.

The test procedures shall be documented in accordance with
DID, UDI-T-23732B, in APPENDIX XIII.

4.1.3.1 PCB _TEST PROCEDURES - The contractor shall provide test
procedures for fault isolation on the printed circuit board
assembles and documented as stipulated in 4.1.3 above.
(med #) OFF-The SLe/F 178nS ARE Excledsd T8 He exTenT Y7 sbwdoa mawrusls
4.1.4 INSPECTIONS - The contractor shall perform all inspections 4degusaTely pddee
required in Section 4 herein. The contractor shall use his y4¢ TEsT Pesced
own or any other facilities suitable for the performance of
the inspections unless disapproved by the Government. The
Government reserves the right to witness any of the inspections
conducted, to audit any of the contractor's procedures and
methods, and to perform any of the inspections where such
inspections are deemed necessary to assure supplies and
services conform to requirements of Section 3.
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u.1.5

4.1.6

4.1.6.1

u.1 .6.2

QUALITY CONFORMANCE INSPECTION - Production inspection shall be

made on each equipment offered for delivery. The inspection

shall comprise such examinations and testing that will prove
workmanship and reveal degradation and errors of the production
process. Functional and performance tests shall be made to

verify the following: tests to detect deviation from design,

tests of adjust-ments, and test to detect hidden material

defects shall be accomplished. This inspection shall include

but not be limited to the factory acceptance tests in paragraph 4.2,

TESTS AND DEMONSTRATIONS -~ The contractor shall conduct the unit

(paragraphs 4.2.4 to 4.2.9) tests, acceptance tests and other

tests demonstrations to verify conformance with the performance
and testing requirements to this contract. The contractor shall
develop these test procedures as delineated in paragraph 4.1.3.

PERFORMANCE MEASUREMENT DURING TEST - The contractor shall perform
during the test, operational test of equipment controls and
measurements of functional parameters that are of sufficient
duration or repeated at appropriate intervals to ensure confidence
of control operation and performance characteristics.

FAILURE CRITERIA - Deterioration, corrosion, changes of tolerance
limits of any internal or external parts, or deviations from
recorded performance data beyond allowed limits which in any
manner could prevent the equipment from complying with operational
service or maintenance requirements shall provide reason to
consider the test item as having failed to withstand the
conditions of test. (i.e., leakage or discoloration of
impregnating compounds shall be considered damage and cause for
rejection.) Also see APPENDIX XI for additional failure criteria.

TEST REPORTS - The contractor shall prepare test reports

for each site and for each classification per section 4.3.
These test reports shall be prepared in accordance with

the requirements for "test data® in FAA-STD-016 and documented
in accordance with DID, UDI-T-22741A in APPENDIX XIV. These
reports shall be submitted to the Govermment for approval.
This includes the information required in paragraph 4.3.4.
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4.,1.7.1

1‘.108

4.1.9

FINAL TEST REPORTS -~ Upon completing each test defined by the

approved test plan the results shall be recorded and submitted

to the FAA. The test report shall contain a complete description
of the test results and be documented in accordance with

DID, UDI-T-22TH1A in APPENDIX XIV. The test report shall
contain, as a minimum, the information specified below:

a. Copies of the test data sheets.

b. The-performance of each equipment under test and whether
it meets the system limits.

Ce. Functions that were tested.

d. Information as to whether the results of the test are
in agreement with the required reliability and maintain-
ability characteristics,

e, A record of any engineering changes found necessary
to correct design deficiencies.

f. Copies of all discrepancies noted during the test,
with the Government accepted disposition.

g. Copy of all deviations from the approved test procedures
required during conduct of testing.

h. Inclusion of the R&M AAA report and failure reports.

INTERFACE INPUT SIMULATION - The equipment and data source

(hardware and software) required to simulate the IBM 9020
adapters, interfaces and signals shall be provided by the
contractor for all tests up through factory acceptance test

at the contractor test location. The tests required by
paragraphs 4.2 and 4.3 shall not begin until the simulation
equipment and data source is available. After completiocn

of contract, the simulation equipment and data source shall

be delivered as part of the Test Bed Contract schedule line item.

RECONDITIONING OF TESTED EQUIPMENT - Equipment which has been

subjected to initial inspection testing shall be reconditioned
by the contractor. This shall include replacement of all
worn or damaged items.
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u.z

u.z.’

n.z.z

(mocl 20)
4.2.3
(.,y\o& 20 )

4.2.4

‘l.Z.S

PERFORMANCE TESTS - The performance tests shall be designed to

demonstrate the performance requirements given in 3.2 and 3.4.
They shall, in their hierarchical design, demonstrate from the
unit level to the system level. The test procedures shall list
all test equipment and special Jjigs/fixtures required. The test
equipment used shall be identified by make and model, and calibra-
tion limits stated. The test procedures shall have detailed
step-by-step instructions with a concise but comprehensive
explanation of the test, including test scenario, and objective,
Equipment interconnection shall be explicitly described in
graphical and textual form. All formal tests shall be peformed
using firmware. Factory acceptance tests (FAT) for the Remote
Groups and Central Groups shall have type tests and production
tests as delineated in FAA-G-2100c to the extent specified in
paragraphs 4.2.2 and 4.2.3. Site acceptance tests (SAT) are as
delineated in paragraph 4.2.1 and to the extent specified in the
contract schedule turnkey requirements.

SYSTEM TESTS - Test procedures shall be provided to demonstrate
that the FDIO System meets the requirements of 3.2.1.1. System
level tests must verify that all subordinate elements perform
their required functions when integrated into the FDIO system.
These procedures shall be applied at the ARTCC level and shall
be repeated for each ARITCC, its Central group and the associated
Remote groups. It is the responsi-bility of the contractor to
coordinate these tests; however, it will be necessary for FAA
personnel to participate.

REMOTE_GROUPS =~ Test procedures shall be provided to demonstrate

that each married Remote group meets the performance requirements
of 3.2.1.2. These procedures shall be performed Sviee—once-atr
and once after each group is integrated
at the site. It is the contractor's responsibility to coordinate
testing between Remote groups and integrated Central groups.

CENTRAL GROUPS - Test procedures shall be provided to demonstrate

that each married Central group meets the performance requirements
of 3.2.1.3. These procedures shll be performed -wice;—onee—atd
once after each group is integrated
at the aite. It is the contractor's responsibility to coordinate
testing between Remote groups and integrated Central groups.

CENTRAL CONTROL UNIT - Test procedures shall be provided to

demonstrats that the CCU meets the performance requirements of
3."01.1.

REMOTE CONTROL UNIT - Test procedures shall be provided to

demonstrate that the RCU meets the performance requirements of
3.4.1.2.
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4.2.6 PRINTER CONTROL UNIT - Test procedures shall be provided to demonstrate
that the PCU meets the performance requirements of 3.4.1.3.

Factory Acceptance Tests shall be accomplished at the unit
level. Test beds shall be established to test Central Control
Units (CCU), Remote Control Units (RCU), Printer Control Units
(PCU) and Peripheral Units, i.®. Replacement Flight 8trip
Printers, Replacement Alphanumeric Keyboards and CRTs. The test
beds shall consist ofs g

U Test Bed - 1 RCU, B RFSPs, 3 CRTs, 3 RANKs, 1 NASSIM, (RCU to

N 1 the CCW) =
ast :ach individual slot in e ol ‘§%<Q _ﬁﬁ?42?gyanxa~oa

PCU Test Bed — 2B RFSPs, 1 NASSIM 72 29,
RCU Test Bed - 1 CCU, 8 RFSPs, 3 CRTs, 3 RANKS, 1 NASSIM
Peripheral Test Bed — 1 P/C with RS232/422 capabilities.

Unit Factory Tests shall be conducted in accordance with Unit
Factory Accsptance Test Procedures, Volume VIII, Sections A-F.

4,3.1 CORRECTIVE MAINTENANCE TESTS - The contractor shall perform the
corrective maintenance demonstration in accordance with MIL-STD-4T71A,
except as modified in this paragraph. The task selections shall
be as stated in APPENDIX B of MIL-STD-471A. The statistical
corrective maintenance tasks shall have failure modes statistically
chosen., Test Method 1B, of MIL-STD-471A shall be used for all
corrective maintenance tasks for all of the positions listed in
the reliability and maintain-ability section of this specification.
The contractor shall submit 100 sample corrective maintenance
tasks in accordance with APPENDIX B of MIL-STD-4T71A on the system
as a whole., The Government will randomly select 50 of these tasks
for the statistical corrective maintenance demonstration test.

From this set of corrective maintenance tasks, and any other
corrective maintenance tasks chosen by the Government, the
Government will select 20 tasks for the non-statistical corrective
maintenance demonstration. The statistical corrective maintenance
demonstration mean down time, and the non-statistical corrective
maintenance demonstration mean down time, shall not be greater
than the specified mean time to repair specified in 3.7.2.

During both the statistical corrective maintenance demonstration
and the non-statistcal corrective maintenance demonstration,

any real equipment failure shall be corrected. Such a failure
shall be timed and counted as one of the sample corrective
maintenance, tasks for the corrective maintenance demonstration

in progress at that time., The maintainability demonstration

test step in progress shall be considered a failure (simulated

or real) if it causes any portion of the system not to meet the
performance requirements of this specification, regardless of the
outcome of the maintenance demonstration activity. Section 4.4
of MIL-STD-471A shall be omitted for the purpose of this specification.
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4.3.1.1
4.3.1.2
4.3.1.3
4.3.1.4
4.3.1.5

uo3o1o6

4.3.1.7

3.3.1.8

u.3.2

u.30251
4.3.2.2

4.3.3

REMOTE GROUP - Test procedures shall be provided to demonstrate
that the Remote group meets the MIR specified in 3.7.2.7.

CENTERAL GROUP - Test procedures shall be provided to demonstrate
that the Central group meets the MIR specified in 3.7.2.7.

CENTRAL CONTROL UNIT - Test procedures shall be provided to
demonstrate that the CCU meets the MITR specified in 3.7.2.5.

REMOTE CONTROL UNIT - Test procedures shall be provided to
demonstrate that the RCU meets the MITR specified in 3.7.2.5.

PRINTER CONTROL UNIT - Test procedures shall be provided to
demonstrate that the PCU meets the MI'TR specified in 3.7.2.5.

REPLACEMENT FLIGHT STRIP PRINTER - Test procedures shall be
provided to demonstrate that the RFSP meets the MITR specified in
3.7-2.5.

REPLACEMENT ALPHA-NUMERIC KEYBOARD - Test procedures shall be
provided to demonstrate that the RANK meets the MITR specified
in 3.7.205. )

CRT DISPLAY - Test procedures shall be provided to demonstrate
that the CRT display meets the MI'TR specified in 3.7.2.5.

PREVENTIVE MAINTENANCE TESTS - The contractor shall perform the
preventive maintenance demonstration in accordance with
Government approved plans and procedures. The Government

will select any number of preventive maintenance tasks which

are contained in the approved procedures which shall be
performed during the preventive maintenance demonstration tests.
The total number of tasks shall be the same as those contained
in the instruction manuals. The procedures shall also list

the recommended frequency at which the tasks are to be performed,
and the time required to perform these tasks. Equipment required
for operational (on-line) use shall not be preempted for
preventive maintenance.

REMOTE GROUP ~ Test procedures are required for the preventive
maintenance test for a Remote group.

CENTRAL GROUP - Test procedures are required for preventive
maintenance test for a Centerl group.

MEAN TIME BETWEEN FAILURE TESTS - The MTBF tests shall demonstrate
compliance with the requirements of 3.7.2.3. MTIBF test procedures
are required for each unit and group. As stated in 4.1 the
Test Plan and procedures are subject to Government approval.
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4.3.3.1 CENTRAL CONTROL UNIT - Test procedures shall be required to
demonstrate the MIBF for the central control unit. Because
the MIBF figures in 3.7.2.3 are high, it is anticipated that
empirical data gathering would require excessive testing periods.
The contractor may choose for the CCU to calculate reliability
using paragraph 5.2 Parts Count Reliability Prediction of
MIL-HDBK-217D. Use of the Parts Count Reliability Prediction
Method of MIL-HDBK-217D as required by paragraph 3.7.3.3.3
will not relieve the contractor from recording and reporting,
in accordance with the procedures contained herein, all failures
within the CCU that occur during other phases of testing/demon-
stration except for the first 50 hours of powered operation.

4.3.3.2 REMOTE CONTROL UNIT - The MIBF test requirements for the RCU
shall be the same as for the CCU, per 4.3.3.1.

§.3.3.3 PRINTER CONTROL UNIT - The MTBF test requirements for the PCU
shall be the same as for the CCU, per 4.3.3.1.

- 4.3.3.4 REPLACEMENT FLIGHT STRIP PRINTER - Test procedures will be required
to demonstrate the MIBF requirements specified in 3.7.2.3.
For the RFSP, this procedure shall be completed for each RFSP
of the first 10 RFSP's supplied by the contractor. After the
first 10 units, the procedure shall be performed on RFSP's
designated by the Government, not to e€xceed 5 RFSP's per 100
supplied.

4.3.3.5 REPLACEMENT ALPEA-NUMERIC KEYBOARD - The MTBF test requirements
for the RANK shall be the same as for the CCU, per 4.3.3.1.

4.3.3.6 CRT DISPLAY - The MIBF test requirements for the CRT display
shall be the same as for the CCU, per 4.3.3.1.

§.3.4 TEST LOG - A chronological test log shall be maintained
throughout the reliability and maintainability demonstration
tests. This log shall provide the dates and times of all
significant events. A list of events which must be recorded
is specified in items a. through e.

a. Power on and off times of each equipment of equipment
group.

b, Start and stop times of demonstration testing.

¢. Functions, modes, and phases of tests, including random
tests, '

d. All interruptions of test, including all failure details,

e. Any unusual conditions in equipment under test, auxiliary
equipment, source power or enviornment.
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4.4

4.5

4.6

TEST EQUIPMENT - All test equipment required for use during tests
conducted at the factory or approved laboratory or test facility
shall be provided by the contractor or subcontractor. During
tests conducted on site, the contractor shall be responsible for
assuring that all necessary test equipment is available, on time,
properly calibrated and fully operational to support all tests,
All test equipment used during the Factory or Site Tests shall be
standard commercial equipment and shall not be modified. The
test equipment shall operate in the manner specified by the test
equipment manufacturer., Use of custom test equipment or modified
commercial test equipment requires approval in writing by the
Government. All ancillary equipment required for testing shall
be furnished by the contractor for the duration of the tests.
The Government may require the contractor to recalibrate any test
equipment provided by the contractor to be used in the test
program, due to the following:

a. The test equipment is removed from the test setup for
unrelated purposes.

b. The test equipment fails or is damaged, or appears to be
operating in a faulty manner based on Govermment evaluation
of test results.

RETEST ~ Failure of the FDIO equipment to meet specified require-
ments shall cause the contractor to determine the reason for the
non=compliance, and the contractor shall be responsible for all
corrective action necessary to assure full specification compliance.
The contractor shall complete all repair or rework prior to
submission for retest. The Govermment will determine the extent
of retest required. No retest shall be commenced until the
contractor has submitted in writing all information concerning
the non-compliance and the corrective action taken, and the
Govermment agrees to start the retest. If a review of the
reasons for failure to comply with specification requirements
indicates that the cause may exist as latent defects in items
previously accepted, the contractor shall be responsible to
correct the defects in all units, in a timely manner, even those
previously accepted by the Government.

STANDARD SITE PREPARATION EFFORTS -~ The various FDIO sites are of
slightly different configurations and contain different quantities
and varieties of equipment and facilities. The contractor shall
conduct a survey of all turnkey sites in advance of equipment
delivery, to become familiar with the different environments

that will be encountered during installation and verification
test of the FDIO subsystem, Potential installation and testing
problems should be uncovered during the contractor's survey of
the sites. These site surveys shall be the basis for preparation
of the Standard Site Preparation Report as described below.

In no case shall any claim by the contractor be placed against
the Government arising out of differing site environments.,
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§.6.1 SITE INSPECTION AND SURVEY - The facilities to be visited shall be
all turnkey sites in this contract contract schedule ARTICLE I
ATTACHMENTS 1 through 8 nine months prior to the hardware delivery.

Govermment representation will be available during these site surveys,
and access to equipment room as well as other FDIO associated areas
will be provided by the Government. The Govermment will furnish
the date of readiness for site survey. A copy of drawings covering
floor plan layouts, AC power, duct or overhead ladder installations
of the equipment rooms and FDIO associated areas shall be made
available for reviewing to the contractor during these inspections.
The Government makes no guarantee that the drawings are error free
or that they contain all the information needed. The objective

of these on-site inspections is to provide the contractor with .

an opportunity to gather first-hand information to be used in the
preparation of his Standard Site Preparation Report.

4,6.2 REPORT CONTENT - The contractor shall prepare a Standard Site
Preparation Report and submit it to the Technical Officer covering
all sites surveyed. This report shall be applicable to the instal-

Moo # lation and test of the FDIO system(s) to be installed at Turnkey
sites. The report shall include, as a minimum, the following:
SpgerFic :

a. Typieal floor plan equipment layout and maintenance area.
b. List of typical FDIO equipment.

c¢. Tabulation of physical and electrial power characteristics
for each equipment unit type (i.e., overall dimensions,
uncrated weight, cabinet, and unit prime AC power, voltage,
maximum operating KVA, power factor, BTU/hour heat load
generated, and turn-on in-rush line current), Identification
of electrical power requirements that the contractor shall
provide for each sites to connect the system to the Govermment
provided power distribution panel.

Spsciprc
d. List of ty¥pical FDIO Equipment interconnection and interface
cableq, cable access points, cable routing, etec.
SpPec ~re
e. Fypiead procedures concerning off loading, unpacking, placement
of equipment, test requirements, wiring diagrams and cable
lengths, ete.

f. Special test equipment to be furnished by contractor.

g. Standard test equipment that is to be provided by the contractor
per paragraph 4.4 at each site for use by the contractor
on-site personnel.

SPe CI:‘=I’£_
h. TFypiead scheduling requirements and test and implementation
plans.

i. Administrative support facilities required- for contractor
- ‘on=site personnel.
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4.6.3

4.7

4.7.1

Government Furnished Information For Each Installation Site
The Government will furnish the following Site Preparation
information to the contractor as required:

a. Existing floor plan of the FDIO area showing available space,
power source, adjacent equipment, etec.

b. Site adaptation data for use by the contractor in preparing
the assembled operational and nonoperational site adaptation
data.

c. Any other site information pertinent to the FDIO subsystenm
installation (e.g., any local electrical grounding, protection
requirements).

d. Notwithstanding the above, the Government makes no guarantee
that the information provided is error free or is all the
information needed to achieve FDIO subsystem installation.

e, Date of readiness for site survey.

INSTALLATION AND VERIFICATION TEST - (Turnkey System(s) Only.)
The contractor shall install, de-bug, and test the FDIO system(s)
at all facilities designated turnkey in accordance with the
Contract Schedule and this Specification. Installation and
verification tests shall proceed in accordance with approved
Installation Documents. While installation and verification
test are performed in an ARTCC, TRACON, Tower, and terminal
facilities, the FDIO interfaces will be available on a limited
daily basis, the timing of such availability will be subject

to operational requirements at each site. Therefore, adjustment
of the contractor installation team working hours shall be
required to prevent conflicts with Air Traffic Control operations.
The contractor shall schedule and perform work in such a manner
30 as to not disrupt the normal operations of the installation
site. It shall be the responsibility of the contractor to meet
the requirements of this 4.7 and to provide a functional
equipment/system., Any feature or item necessary for proper
equipment/system operation, in accordance with the requirements
herein shall be incorporated even though the item or feature

may not be specifically described herein. Verification for
non-turnkey system(s) shall be performed at the contractor's
facilities.

EQUIPMENT INSTALLATION AND TEST - The contractor shall install
and test each FDIO system(s) at the sites specified as Turnkey.
FDIO installation and test shall be accomplished prior to the
Government's acceptance of the FDIO. For each FDIO system(s),
the installation and test shall begin immediately following
delivery to the site.
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u.7.2

4.7.3

4,7.4

4.7.5

4.7.6

GROUND TERMINATION - The contractor shall connect the FDIO equip-
ment grounds to the Government furnished ground terminations. The
contractor shall be fully responsible for interfacing his equipment
grounding system with that of the facility as identified and approved
in the installation planning report (site preparation report).

CONTROL AND DATA SIGNAL CABLES - All control and data signal cable
and connectors within the FDIO system(s) and between the FDIO
system(s) and external equipment shall be furnished and installed
by the contractor at the installation site. The contractor

shall install and test the intra-system and inter-system cabling
terminations, associated FDIO system(s) grounding interfaces,

and connections with external grounding facilities at the site.

MECEANICAL INSTALLATION - The contractor shall be responsible for
all installation aspects for the entire FDIO system except as
specifically excluded herein. The Government will coordinate and
provide liaison during the installation of FDIO system(s) within
each site.

ELECTRICAL INSTALLATION AND TEST - The contractor shall furnish

all FDIO cabling, wiring, connectors, and associated hardware for
making all cable and wire terminations at all sites from FDIO
system to the appropriate points (including existing hardware,
telephone lines, and FAA power distribution panels). This require-
ment includes electrical cabling and connectors for all special
test equipment provided by the contractor. For non-turnkey
systems, the above two sentences in this paragraph are also
applicable to the contractor. The contractor shall utilize

the site survey results as a baseline for furnishing the above.

INSPECTION AND IDENTIFICATION OF DEFICIENCIES - If requested by

the contractor, the contractor will be given access to any or

all of the facilities in which FDIO system(s) is to be installed

by the contractor for the purpose of making measurements of the
electromagnetic radiation environment at those facilities. The
Government does not guarantee that all facilities will have the
same electromagnetic environment nor does it guarantee that all
facilities of the same type (e.g., Air Route Traffic Control
Centers) will have the same environment. Should any case arise

in which it appears to the Government that interference exists,

the contractor shall, within sixty days after the receipt of
written notice by the Contracting Officer, demonstrate conclusively
and to the satisfaction of the Government by means of tests, data
or other appropriate means deemed acceptable to the Government

(a) the identification of the source of the interference and (b)
the corrective action the contractor determined to be needed to
eliminate the interference if found in the FDIO system(s) or the
corrective action that the contractor determined to be needed to
eliminate the interference to the FDIO system(s), if the source

is found to be external to the FDIO system(s). Also see paragraph 3.11.
In no case shall any claim by the contractor be placed against the
Government for tests related to the identification of the source or
the corrective action taken to eliminate the interference as a result
of this- reguairement.
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u.7.7

u.7.a

Q@od ) Provide

5.
5.1

5.1.1

5.2

5.3

CONSTRAINTS - En Route Air Traffic Control Centers (ARTCC's),
TRACON's, ATCT's, and terminal facilities at which installation,
integration, and support activities shall be conducted have an
on-going air traffic control (ATC) funetion. The contractor shall
not interfere with the live Air Traffic Control environment function.

The contractor shall make adequate provisions in his personnel
staffing and procedures to allow for flexible utilization and
schedules of his on-site personnel to avoid conflicts with FAA
activities at the site. The government will make every effort
to permit as much of the installation and testing work as possible
to proceed on the prime shift for simultaneous operation at the
terminal and ARTCC locations. The prime shift is from 8 a.m.

to 10 p.m. daily. However, no assurance can be given that prime
shift time can be made available to the contractor. All wiring,
materials, and procedures used during installation and testing
shall be in conformance with all local codes and the National
Electrical Safety Code, and when in conflict the local code shall
have precedence.

LETTER OF NOTIFICATION - The contractor shall submit a letter of
notification to each site with a courtesy copy to the Contracting
Officer at least 30 calendar days prior to each equipment group
delivery. This letter shall state the anticipated delivery date
date of the equipment and material, the arrival date(s) of contractor
personnel, the identification of the contractor personnel personnel
and any other information pertinent to the FDIO installation.

Upon request from the contractor, the Contracting Officer will
privde-the names and addresses for the facility representative

prior to the start of installation and testing of Turnkey systems.

PREPARATION FOR DELIVERY

DIRECT SHIPMENT TO A SITE - Shipment of material from the contractor's
plant to a specific site shall be the contractor's responsibility.

The contractor shall be responsible for transportation and for

moving all deliverable equipment, cables, and materials to their
installation sites and positions within the buildings.

SMALL COMPONENT MATERIAL - Small individual items or components
shall be packed and marked both internally and on the exterior
surface of the containers. If the unit is serialized, this
identification shall also appear on the exterior surface on the
container,

MATERTAL FOR INVENTORY STORAGE - Material (Depot spares and spare
parts peculiar) being delivered for inventory storage shall be
packed in accordance with the requirements of the contract schedule.

PACKING OF SYSTEM OR SUBSYSTEMS FOR STORAGE - Systems or subsystems
and site spares to be placed in storage at a Government facility
shall be packed in accordance with the contract schedule.
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6. NOTES

6.1 NOTE ON INFORMATION ITEMS - The contents of this section are only
for the information of the procurement request and are not a part
of the requirements of this specification. They are not contract
requirements nor binding on either the Govermment or the contractor.
In order for these terms to become a part of the resulting contract,
they must be specifically incorporated in the schedule of the
contract. Any reliance placed by the contractor on the information
in these subparagraphs is wholly at the contractor's risk.

6.2 PARTS COUNT RELIABILITY PREDICTION - The parts Count Reliability
Prediction method of MIL-EDBK-217D is a method for MIBF determination.
The environment is chosen for 25 degrees centergrade ambient tempera-
ture and 10 degrees centergrade in bay tolerance.

6.3 COMMUNICATIONS STANDARDIZATION - Transfer of FDIO data in telecommuni-
cation circuits shall be in accordance with FAA Order 1830.2, Policy
for Use of Telecommunications Data Transfer Standards. This order,
when combined with the requirements of the FDIO Replacement
Specification, imposes standards which inlcude, but are not limited
to the following:

a. Communication Code - International Alphabet No. 5 (IA-5),
International Version, as defined in Federal Information
Processing Standard Publication (FIPS PUB) 1.

b. Signalling Rates - Selected from among 110, 150, 300,
600, 1200, 2400, 4800, and 9600 bits per second (b/s).

c. Transmission Mode - Asynchronous transimission below 1200 b/s;
synchronous transmission above 1200 b/s; either transmission
mode at 1200 b/s.

d. Bit Sequencing - The low order bit transmitted first, as
defined in FIPS PUB 16.

e. Character Structure and Parity Sense - AS defined in FIPS PUB 17.
f. Electrical Characteristics and Modulation Requirements:

(1) Electrical interfaces shall comply with Federal Standard 1031,
- which adopts Electronic Industries Association (EIA)
Standard RS-449,

(2) Modems operating at 2400 b/s shall conform to the
requirements of Federal Standard 1005.

6.4 ERROR CHECKING - Means shall be provided for detecting errors which
may occur during the transfer of data among all elements of the
FDIO system.

6.5 DATA ITEM DESCRIPTION (DID) - The applicable portion of the DATA Item
Descriptions (DID's), in Appendices III through XIV, except Appendices
IV and XI, to be used is the contents in block/section 10.0. Wherein
there is reference to a DOD agency, "FAA" shall be subsitituted
in place of th DOD agency referenced.
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APPENDIX I

10. CCU-RCU INTERFACE CONTROL DOCUMENT

10.1 SECTION 1, INTRODUCTION
10.1.1 PURPOSE -~ The information contained herein describes the

interface control requirements for communications links
between the Central Control Unit (CCU) and the Remote Control
Units (RCU's) in the FDIO system. These procedures have been
developed to be applicable if NADIN concentrators functionally
replace the CCU's,

10.1.2 SCOPE - This Appendix addresses interface control requirements
at three levels:

a. Physical, i.e., the communications lines, modems, and
the electrical/mechanical connections;

b. Link control, i.e., the control of transmission; and
¢. Message, i.e., the content of actual data transmitted.

10.1.3 SISTEM OVERVIEW - Remote terminal to computer communications
in the FDIO system involves three (two-way) interfaces:

a. Terminals to RCU;
b. RCU to CCU (or NADIN concentrator); and
c. CCU to NAS 9020 computer.

Only the second of these is explicitly addressed by this
Appendix. The CCU and PCU to NAS 9020 computer interfaces
are specified in APPENDIX II., The terminal to RCU interface
shall be defined by the contractor as part of his software
documentation submissions.

All output messages from the computer to the remote terminals
(printers) are transmitted to the CCU. The CCU buffers the
messages, implements the data link control procedures (protocol),
and transmits the messages to the appropriate RCU's. Each

RCU determines the acceptability of the messages received,
impléments exception recovery (if pertinent), buffers acceptable
messages, and forwards them to the appropriate terminals.

All input messages from remote terminals (keyboards) to the
computdr are composed and edited through logic in the associated
RCU's. When messages are ready for transmission, the RCU's
buffer them, implement the data link control procedures,

and transmit the messages to the CCU. The CCU determines

the acceptability of messages received, implements exception
recovery (if pertinent), buffers acceptable messages, and
transmits them to the computer.
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10.1.4 REFERENCES

a. FAA Order 1830.2, February 17, 1978, "Policy for Use
of Telecommunications Data Transfer Standards."

b. EIA Standard RS-449, November 1977, "General Purpose
37-Position and 9-~Position Interface for Data Terminal
Equipment and Data Circuit-Terminating Equipment Employing
Serial Binary Data."

¢. ANSI X3.66-1979, January 9, 1979, "American National
Standard for Advanced Data Communication Control Procedures
(ADCCP)."

d. ANSI X.3.4-1968, "The American National Standard Code
for Information Interchange,® (FIPS PUB 1).

e. FAA Specification FAA-E2661a, November 5, 1982, "National
Airspace Data Interchange Network (NADIN)."

f. EIA Standard RS-366-A-79, March 1979," Interface Between
Data Terminal Equipment and Automatic Calling Equipment
for Data Communication.”

g. EIA Standard RS-422, April 1975, "Electrical Characteristics
of Balanced Voltage Digital Interface Circuits."

h. Federal Standard 1005, Janaury 20, 1977, "Telecommunicatioms:
Coding and Modulation Requirements for Nondiversity
2400 bit/second Modems."

i. Interface Between Data Terminal Equipment and Data
Communication Equipment Employing Serial Binary Data
Interchange -EIA Standard RS-232C, August 1969,

J.  ICAO Annex 10 VOLUME I and VOLUME II.

10.2 SECTION 2, PHYSICAL CONTROL LEVEL - Telephone lines and modems
will be leased or procured independently of the FDIO System.
However, the characteristics of this equipment are described
in this section. FDIO hardware shall function and interface
properly with the lines and modems described herein.

10.2.1 COMMUNICATIONS LINES

10.2.1.1 PRIMARY LINKS - The primary communications lines shall be
Y-wire, voice grade, non-switched leased lines. Each CCU
shall have 28 ports to accommodate such circuits, each of
which may be either multipoint or point-to-point configurations.
_However, some of these ports may be used for back-up eircuits,
as described below.

80



FAAE-Z711 A

10.2.1.2

10.2.2

10.2.2.1

10.2.2.2

10.2.3

BACK=-UP LINKS - Each remote installation shall be provided

with a dial back-up capability for use in the event of leased
line outage. This capability may be automatic or manual.
This back-up service shall use 2-wire, voice grade, switched
lines.

Some of the 28 ports in each CCU may be reserved to accommodate
the dial-up lines. The number of ports required for back-up
lines is variable, to be determined from the maximum number

of RCU's on a single circuit, specified system availability
requirements and leased line outage statisties.

MODEMS - The modems selected by the FAA for use at each

installation will incorporate the features in paragraphs
10.2.2.1 and 10.2.2.2 into a single modem.

PRIMARY LINKS ~ Modems capable of handling full duplex,
synchronous transmissions at 2400 bps shall be used to interface
the leased lines with RCU's and CCU's. Thus there shall be

one such modem at each RCU and one for each primary circuit
(multipoint or point-to-point) at each CCU. Spare modems

may be available in the event of modem failure. Coding and
modulation requirements of Federal Standard 1005 shall be met.

BACK-UP LINKS - Modems capable of handling half-duplex,

synchronous transmissions at 2400 bps shall be used for the
back-up service. Thus there shall be one such modem at each
RCU and one for each back-up port at each active CCU. Spare
modems may be available in the event of modem failure.

Dialing shall be accomplished using tone dialing (DTMF Standard)
equipment employing an RS-366-A=79 or RS-232C interface.

As suggested earlier, the back-up system may be automatic or
manual. If the fully automatic option is selected, automatic
dial capability is require for the RCU back-up-line modems
and automatic answer capability for the CCU back-up-line
modems. Partially automated options are also feasible,
involving either the automatic dial or the automatic answer
capability, using tone dial signaling.

ELECTRICAL/MECHANICAL INTERFACE - The electrical/mechanical

interface between the modems and the control units (RCU's
and CCU's) shall be in accordance with EIA Standard RS-232C.
The electrical/mechanical interface between the RCU's and
its peripheral devices shall be RS-449 operating in the
balanced mode or RS-232C.
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10.3 SECTION 3, LINK CONTROL LEVEL
10.3.1 PROCEDURES ~ The link level protocol to be used between the

RCU's and CCU shall be the bit-oriented ANSI X3.66, Advanced
Data Communication Control Procedure (ADCCP). ADCCP provides
for three classes of procedures., 0Only two of these shall

be used for FDIO systems:

a. Unbalanced Normal (UN) - Such procedures involve one
station designated as the primary station and any number
of secondary stations., The primary controls the link
through the transmission of commands. The secondaries
transmit responses to commands. Both types of stations
can transmit information (e.g., FDEP messages); however,
secondary stations can do so only in response to a
specific command (poll). This class of procedures
shall be sued for FDIO multipoint links between RCU's
and CCU and for the dial back-up links, with the CCU
always designated as the primary station. Control
function options 1 and 7 (as cited in section 10.3.8.2
of this document) shall be implemented.

b, Balanced Asynchronous (BA) - Under such procedures, each
of the two stations on a point-to-point link is a combined
(primary and secondary) station. As appropriate, either
of the two stations can take on the primary role (send
commands), causing the other to take on the secondary
role (send responses). This class of procedures shall
be used for the primary point-to-point links between
RCU and CCU in each FDIO system. With a full duplex
link, such as specified for primary FDIO circuits,
no contention problems exist. Control function options
1, 2, 7, and 11 (as cited in section 10.3.8.2 of this
document) shall be implemented.

The following subsections provide a general description of
ADCCP focused on the two classes of procedures indicated above
for FDIO application. Emphasis is placed on the procedure
variations and options that must be implemented for FDIOQ.
Greater detail can be found in the referenced ADCCP standards
publitation, ANSI X3.66-1979.

Because of the many similarities in the two classes of procedures,
it will be convenient to use the terms primary and secondary,
when applied to stations, to also include combined stations

in the indicated roles. Thus "primary stations” should be
understood to mean "primary stations under UN procedures and
combined stations in the primary role under BA procedures.”
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10.3.2

10.3.3

FRAME STRUCTURE - The unit of transmission under ADCCP is
the frame. A frame may, but need not, include a message
block (information field); frames with no information field
are used for link control only. Each frame transmitted
from any type of station must contain the following, in
the order indicated:

a. An opening flag sequence;

b. An address field;

¢. A control field;

d. An information field (optional);
e, A frame check sequence; and

f. An ending flag sequence.

ADDRESS CONTROL INFORMATION FIELD

FIELD FIELD (OPTIONAL) FCS FLAG

FLAG SEQUENCE - The flag sequences serve to synchronize

a frame. The flag sequence shall be the bit octet - 01111110.
The sequence == 011111101111110 — shall be recognized as

two flag sequences. A single flag sequence can be used

as the ending flag for one frame and the opening flag for

the next frame.

Each receiving station shall constantly monitor the stream

of bits received to identify the flag sequences. In order

to avoid misinterpretation of other control data or information
field contents as flag sequences, the transmitting station
shall implement a "zero~bit insertion” process, This process
requires that, prior to a transmission, a zero bit be inserted
immediately following any sequence of five continguous one
bits other than those in the flags. This includes all such
sequences found in the string of bits constituting the address
field, the control field, the information field (if present)
and the frame check sequence.

In monitoring the input bit stream, the receiving station
shall isolate all sequences of 5 one bits. When such a
sequence is found, the next bit shall be checked. If that

bit is a zero, 5 one bits shall be passed and the zero deleted.
If the bit following the 5 one bits is another one bit,

the receiving station shall check the next bit. If it is

a zero, a flag is identified; otherwise an abort signal

(7 to 14 contiguous one bits) is identified and the current
frame is discarded.
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10.3.”

DIRECTION OF
TRANSMISSION

CcCcu
CCU
ccu
CCU

RCU
RCU
RCU
RCU

ADDRESS FIELD - ADCCP requires that a unique address be
associated with all secondary stations on a link (this includes
all combined stations). Any transmission to or from a secondary
station shall contain the address of that station in the

address field. A transmission from a primary station to

more than one secondary station on a multipoint line shall
include a group or global address, which appropriate secondary
stations shall be capable of recognizing.

ADCCP provides for a multi-octet address field. For FDIO
applications, only a single octet shall be used. Nevertheless,
in order to be consistent with the multi-octet option, the
least significant bit of each address shall be 1. Address
fields shall be transmitted with the least significant bit
first, as indicated below:

b1 b2 b3 by b5 b6 b7 bg MOST SIGNIFICANT BIT

ADDRESS OF SECONDARY

First bit
transmitted
b1 z 9

Since only the address of the secondary station is used,

the address field indicates the respective roles of the
combined stations under BA procedures. Thus if on a primary
point-to-point link the CCU is assigned the address 0 and
the RCU the address 1, the roles are identified as follows:

DRESS FIELD PRIMARY SECONDARY MEANING OF
ROLE ROLE CONTROL SEQUENCE

(=)
=)
[« )]
o
o
o
[+,

CcCu RCU Command
CcCcu RCU Response
RCU CcCu Response
RCU CcCu Command

[ Py
QO = e
(=N« el
0000
[N eNeNe
OO0
0000

The global address —- 11111111 == Shall be used for transmissions
being directed simultaneously to all RCU's on a multipoint line.
For FDIO applications, group addresses (other than the global
address) shall be used only to permit simultaneous transmission
of messages to a tower and its associated radar approach control
facility (e.g., TRACON), when they have distinect RCU's. It shall
be a function of RCU firmware to determine to which specific
printer at a site a message will be directed. The null address
-= 00000000 -- shall be used in situations where it is desired

to exercise a station's transmit abilities without requiring
station action or reply.
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10.3.5 CONTROL FIELD - The control field is used to indicate the
nature of the transmission, to communicate commands and
responses between primary and secondary stations and to
acknowledge receipt of acceptable information frames. ADCCP
permits use of a one~ or two-octet control field. Only a
single octet shall be used for FDIO applications, This limits
the number of unacknowledged information frames, from one
station to another, to seven.

In order to describe the structure of the control field, it
is useful first to define a few related parameters and concepts.

10.3.5.1 CONTROL PARAMETERS AND CONCEPTS

a. Frame Sequence Number - Each station shall assign a
sequence number to each information frame transmitted.
A separate sequence of numbers shall be used for each
station with which that station communicates. Such
sequence numbers must fall in the range of 0 to 7 (000
to 111, in bit notation). Thus, after information frame
7 has been transmitted to a particular station, the next
information frame transmitted to that station shall be
assigned the sequence number 0 (i.e., the frame numbers
are incremented by 1, modulo 8)., A maximum of seven
unacknowledged frames may exist between any two stations,
in either direction.

b. Send Variable - Each station shall maintain a set of send
variables, S(B). Each of these variables shall be initia-
lized to 0 and then incremented by 1, modulo 8, whenever
the transmission of an information frame to the particular
station (B) is completed. (S(B) shall not be incremented
when a frame is aborted.

¢. Receive Variable - Each station shall similarly maintain
a set of receive variables, R(A), which shall be initialized
to 0. Each of these variables shall be incremenated by 1,
modulo 8, whenever an information frame with sequence number
equal to R(A) is received from the particular station (A4).
(Note that since al FDEP stations both send and receive
messages, each shall maintain both send and receive variables.)

.

d. -Poll/Final (P/F) Bit - One bit position within each control
frame shall be used to transmit a poll or final (P/F) bit.
The term poll bit is used in connection with transmissions
from primary stations (i.e., commands). When the poll bit
is transmitted (i.e., the P/F bit position in a primary
station's transmission contains a 1) the secondary is
"commanded®™ to respond. The term final bit is used in
connection with transmissions from secondary stations
(i.e., responses). When the final bit is transmitted, the
secondary station is indicating that it has responded to

a poll command. If the response is one or more information
frames, the final bit shall be set only in the last frame
transmitted in response to the poll.
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10.3.5.2 CONTROL FIELD STRUCTURE - ADCCP groups the various types
of frames into three categories - information (transfer),
supervisory, and unnumbered. Each of these categories requires
a distinct format for the control field. Information frames
are the one generally used to transmit information (e.g.,
FDEP messages). The other frames may also contain information
fields, but such information is generally for link control
purposes. Information frames, on the other hand, can also
be used to perform some link control functioms. Supervisory
and unnumbered frames are used to carry out link control
functions.

The formats indicated below shall be used:
FRAME TYPE ) FORMAT
BIT POSITION: lJ 2 3 4 5 6 1 8

INFORMATION 0 N(S) P/F N(R)
SUPERVISORY .1 0 C C P N(R)
UNNUMBERED 1 1 M MPF M M M
NOTES:

a. The first or first and second bits indicate the format
being used. .

b, The rifth bit position shall always be used for the
P/F bit.

c¢. N(S) shall be the value of the transmitting station's
send variable, S(B), at the start of transmission.

d. N(R) shall be the value of the transmitting station's
recelve variable, R(B) at the start of transmission.

e. N(S) and N(R) shall be transmitted with the least
significant bit first.

L. The third and fourth bits of the control field in
supervisory frames (designated C) shall be used to
identify the specific supervisory function. These
are discussed latter.

8. Bit positions 3, 4, 6, 7, and 8 in unnumbered frames
(designated M) shall be used to identify the specific
unnumbered function. These also are defined later.

86



FAAE-Z711 A

10.3.6

10.3.7

1003.8

INFORMATION FIELD - When included, the information field is

transparent to ADCCP, i.e., the link control procedures will
accept almost all sequence of bits as an information field.
There shall however, be a limit on the size of the field.
For FDIO application, this limit shall be 2000 bits (or

250 8-bit characters), excluding the zero insertion bits
discussed earlier. In order to transmit longer messages,
the messages shall be broken into two or more blocks of
2000 (or fewer) bits and each block shall be transmitted

in a separate frame.

Information frames will almost always include an information
field. Supervisory frames shall never include an information
field. Generally, unnumbered frames must not include such
fields. There are two exceptions, however. An unnumbered
frame for the function XID (exchange identification, discussed
later) may optionally include an information field providing
supervisory data., Similarly, if a non-reserved function

(also discussed later) is used, an information field may

be included in the frame.

FRAME CHECK SEQUENCE ~ The frame checic sequence (FCS) shall

be a 16=bit (2 octet) number generated at the transmitting
station by applying a special algorithm to the string of
bits that make up the address field, the control field and
(1f present) the information field, prior to zero insertion.
The value of the FCS shall be determined and transmitted

as part of each frame,

The receiving station, after removing the flag sequences
and the inserted zeros, shall determine if the received
FCS is consistent with the remainder of the transmission.
Inconsistency implies an error in transmission and shall
cause the transmission to be unacceptable.

APPENDIX D to ANSI X3.66-1979 defines the FCS in detail
and suggests techniques for implementing this process.

CONTROL FUNCTIONS - As indicated earlier, ADCCP provides for

a variety of control functions. These are defined as a
series of basic commands and responses together with a series
of optional commands and responses. The referenced ANSI .
standard for ADCCP describes all of these functions in detail.
The following outlines those that shall be implemented for
FDIO applications.
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10.3.8.1 BASIC FUNCTIONS - The basie control functions include both
commands (i.e., from primary stations) and response (i.e.,
- from secondary stations). There is a slight difference
depending on the class of procedures (UN or BA) used. The
following identifies these functions as they apply to FDIO:

FUNCTION CODQ;AND/ RESPONSE MEANING
I C&R Information being transferred
RR C&R Receive Ready
FUNCTION COMMAND/RESPONSE ' MEANING
RNR C&R - Receive Not Ready
FRMR R Frame Reject
SNRM c Set Normal Response
Mode (UN procedures only).
SABM c Set Asynchronous
Balanced Mode
(BA procedures only).
DISC o Disconnect
UA R Unnumbered Acknowledgement
DM R Disconnected Mode

In addition there is a basic command RSET (Reset) for BA
procedures which will not be used for FDIO,
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10.3.8.2 OPTIOCNAL FUNCTIONS -~ ADCCP provides eleven options for adding
or deleting control functions or modifying basic formats.
The ones that shall be implemented for FDIO are:

ADD/ COMMAND/
OPTION# DELETE RESPONSE FUNCTION MEANING
1 (a) A C&R ap Exchange
Identification
(b) A R RD Request Disconnect
2 A C&R REJ Reject
7 A C&R See Para Extended Address
4.3 in Format
ANSI X3.66
1 D c RSET (Delete the
Basic Reset
Command)

In addition ADCCP provides up to four non-reserved functions
that can be defined and implemented by the system designer.
No such functions are envisioned as being needed for FDIO.
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10.3.8.3 FUNCTION CODES - The various functions indicated above shall
be designated through codes in the control field of a frame.
The information transfer function, I, shall be designated
directly by the use of an information transfer format (0
in bit position 1, see section 10.3.5.2). The remaining
functions shall be designated as follows:

a. SUPERVISORY FRAMES

FUNCTION CONTROL FIELD BIT POSITIONS
3 &

RR 0 0

RNR 1 0 -

REJ ' 0 1

b. UNNUMBERED FRAMES

FUNCTION CONTROL FIELD BIT POSTTIONS

SNRM 6 0 P 0 0 1
SABM 1 1 P 1 0 o
DISC o 0 P 0 1 o0
XID 1 1 PF 1 0O 1
UA o o F 1 1 0
DM 1 1 F 0 0 0
FRMR 1 o F 0 o0 1
RD ©o 0 F 0 1 o0
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100 309

10.3.9.1

10.3.9.2

10.30903

EXCEPTION CONDITIONS - Six exception conditions can be
anticipated in the FIDO applications of ADCCP, These are
described briefly below. The referenced ANSI standard for
ADCCP should be used for greater detail.

BUSY CONDITION - A station is considered "busy" when, due to
internal constraints (e.g., buffer limitations), it temporarily
cannot accept additional information frames. Such a condition
shall be reported at the first opportunity to all other
appropriate stations using an RNF frame.

Upon receipt of an RNR frame, a station shall cease transmitting
information frames to the busy station. An information frame
in the process of being transmitted can be aborted or completed.
Transmission of other types of frames to or from the busy
station can continue during the busy condition. A busy
condition shall be reported to the system supervision position.

The clearance of a busy condition shall be reported by:

a. Transmission of an RR, REJ, SNRM, SABM or UA frame,
with or without the P/F bit set to 1, or

b. Transmission of an information frame with the P/F bit
set to 1.

FCS ERROR - Errors introduced during the transmission of a
frame will almost always cause an FCS error, i.e., cause

the received value of the FCS to differ from the expected
value. Frames received with such an error shall be discarded.
No other specific action shall be taken when such an error

is detected.

FRAME REJECT CONDITION - When a frame is received with no

FCS error, but contains (1) an invalid control field, (2)

an invalid N(R) or (3) an information field with more than
2000 bits, a frame reject condition exists. A secondary
station, upon detecting such a condition, shall notify the
primary station with an FRMR response. A primary station

upon detecting such an error or upon receiving an FRMR response
shall transmit a mode setting command (SNRM, SABM, or DISC).
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10.3.9.4

10.3.9.5

FRAME SEQUENCE ERROR - Whenever a station receives an otherwise

error-free information frame, it shall check to insure that
the value of N(S) corresponds to the receive variable R(A).
If the two are not identical, a frame sequence error has
occurred., At the earliest opportunity the receiving station
shall transmit an REJ frame to the original transmitting
station, with N(R) set to R(A). The information field(s)
from the eroneous frame and any subsequent information frames
from that transmitting station shall be discarded, until
one with N(S) equal to R(A) is received. Other control
information (e.g., the P/F bit and N{(R)) from those frames
will be used. However, the original transmitting station,
upon receiving the REJ frame shall retransmit the erroneous
frame and any subsequent information frames (in order) at
the earliest opportunity.

UNACENOWLEDGED FRAMES - Each time a station receives an

information or supervisory frame, it expects acknowledgement
(through the N(R) parameter) of information frames it transmitted.
To facilitate retransmission of unacknowledged information
frames, each station shall implement checkpoint recovery,

as follows: .

a. A checkpoint cycle is defined (1) for a primary station,
as the period between the transmission of a P bit and
the next receipt of an F bit from the secondary to
which tha P bit was directed, and (2) for a secondary
station as the period between the transmission of an
F bit and the next receipt of a P bit from the primary.
(A cycle does not end with an unnumbered frame, however.)

b. When a primary/combined station receives a frame with
the F bit set to ™" or when a secondary station receives
a frame with the P bit set to ™1," the station will
initiate retransmission of all unacknowledged I frames
with sequence numbers less than the send variable (S)
at the time the last frame with the P bit set to "1"
(primary/combined) or frame with the F bit set to ™"
(secondary) was transmitted. Retransmission starts
with the lowest numbered unacknowledged I frame. I
frames are retransmitted sequentially. New frames
may be transmitted if they become available. Such
retransmission of I frames is lknown as checkpoint retrans-
mission.

c. If an REJ frame with the P/F bit set to 0 is received
during such a cyecle, actions pertinent to the REJ condition,
rather than checkpoint retransmission, will be implemented.

d. See ADCCP, ANSI X3.66-1979 for further details and
exceptions.
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10.3.9.6

10. 4

10.4.1

10. ""02

TIME-OUT - Often an expected acknowledgement or response is

not received due to transmission losses or FCS errors (for
message in either direction). To help detect such conditions
efficiently, time-out functions shall be implemented. Time-
out functions shall (1) initialize a timer when a transmission
requiring an acknowledgement or response is sent, (2) stop
the timer when the aclknowledgement or response is received,
and (3) note a time-out condition when a prespecified time
has elapsed without the expected acknowledgement or response
having been received. If the time-out condition occurs,
recovery actions shall be taken, involving retransmission

of the frame that started the process.

For FDIO applications, at least two time-out functions shall
be included, One for polls from primary stations and one for
REJ frames (with the P/F bit set to 1) from either primary
or secondary stations. These functions shall recognize a
time out condition after 8 seconds have elapsed.

SECTION 4, MESSAGE LEVEL

CODE SET - The information fields of FDIO transmissions between

RCU's and CCU's shall be constructed using the IA-5 seven

level ASCII code (referenced FAA Order 1830.2). This code

has also been specified as the one to be generated and accepted
by remote FIDO replacement equipment. This code, however,

is not used by the NAS 9020 computer; hemnce the CCU shall
perform the necessary codes conversion.

MESSAGE FORMAT - The message format shall be consistent with

that specified for NADIN. NADIN message format requirements
are defined in APPENDIX A, BB, FF of the NADIN specification
FAA-E-2661a for the ANSI X3.66 interface. The requirements
presented here include, therefore, only the details currently
available. Items designated "to be specified by NADIN"

shall be handled as follows:

3. At the time these elements are to be implemented for
FDIO, it shall be determined if they have been specified
for NADIN.

b. If s0, the NADIN requirements shall be implemented.

If not, the FDIO contractor can handle these elements
in an established manner, but with the understanding
that modifications might be required at a later time
(i.e., in a way that shall facilitate such subsequent
modifications).

c. If the latter approach is used appropriate modifications

shall be made at such time that FDIO may be integrated
into NADIN.
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10.4.2.1

10.4.2.2

10.4.2.2.1

10. ulz'z.z

10. u.2.2-3

10.4.2.2. 4

10.4.2.2.5

MESSAGE SIZE AND COMPONENTS - The length of the information
field shall not exceed 250 characters (2000 bits). This
includes the three required components of the field:

a. A heading, containing supervisory and communications
" information;

b. The text, i.e., the message being transferred, and

¢. Anm ending, i.e., a character denoting the end of the
message.

Should the message be so long as to cause the combined length
of the three components to exceed 250 characters, the message
shall be broken down into two or more sections. Each message
block shall be imbedded in a separate transmission frame
with its own heading and ending. ’

MESSAGE HEADING - The message heading shall consist of the
following elements. The elements shall be organized in
lines as indicated and no line shall exceed 69 characters
in length.

START OF HEADING - The start of heading indicator shall consist
of SOH (ASCIi character 0/1) followed by GS (ASCII character
1/13).

SUPERVISORY INFORMATION - Supervisory information shall consist
of a transmission identification to be specified by NADIN.

The number of characters involved shall not exceed the remainder
of the line., The line shall end with CR LR (ASCII characters
0/13 and 0/10).

PRIORITY INDICATOR ~ The priority shall be indicated with two
alphabetic characters. ATC data shall use FF; weather and
general messages shall use GG.

ADDRESSES - Each address shall consist of a space and six,

Or eight characters to identify each destination for the
message. The end of each line of addresses shall be completed
with CR LF. The last address (three lines maximum) shall

be followed by CR LF File Separator (FS). Address designators
will be assigned by NADIN. Even without NADIN, such address
shall be included in order that the CCU can direct messages

to the appropriate port and the appropriate RCU. The address
for St.-Louis ATCT would be KSTLZT , where the last two

characters identify the device address at St. Louis.

DATE TIME GROUP - The date time group shall consist of six
numerics indicating the day, hour, and minute the message
was prepared on a radio day basis.
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10.4.2.2.6 MESSAGE ORIGINATOR - The originator of the message
shall be identified with the ICAO address (six or eight
characters) of the terminal location entering the message,
followed by the optional data field and CR LF STX.
NADIN will assign the address codes required.

10.4.2.2.7 ADDITIONAL DATA FIELD - The additional data field shall
be used to convey additional data of use to the users
of the network and shall consist of one to three sub-
fields of variable length. The field is delimited
by space and CR LF STX and shall contain a maximum
of 32 characters. Sub-fields may be used in any combination
and shall be delimited as shown in Figure 1, Sub-field
A is for data of interest to the network and users,
Sub-field B is of interest to the users, and Sub-field
C is of interest to the network. Elements in any sub-
field shall be optional and preceded by the element
number and a period. Each element shall be terminated
with a hyphen (ASCII character 2/13). Specific character
assignments for these elements will be made by NADIN,

10.4.2.2.7.1 SUB=FIELD A - Elements in this sub-field shall have
the following meanings.

10.4.2.2.7.1.1 ELEMENT 1, MESSAGE TYPE - Three to eight characters
for message type as the first field in the message
text, for text using a character or bit structure other
than ASCII, or for duplicate messages., NADIN may insert
a fixed message type based on message originator.

10.4,2.2.7.1.2 ELEMENT 2, PRIVACY - Not required for FDIO.

10.4.2.2.7.1.3 ELEMENT 3, ACKNOWLEDGEMENT - One character to indicate
the type of system acknowledgement required for the
message. This shall include generation of the necessary
messages between NADIN and the message originator.

10.4.2.2.7.1.4 ELEMENT 4, BILLING - Not required for FDIO.

10.4.2.2.7.1.5 'ELEPENT 5, TEXT CODE AND FORMAT - Two characters are
required to indicate the code and format of the text.

10.4.2.2.7.1.6 ELEMENT 6, TEXT LENGTH - Not required for FDIO.

10.4.2.2.7.2 SUB-FIELD B -~ Elements in this sub-field shall have
the following meanings.
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10.4.2.2.7.2.1

10.4.2.2.7.2.2

10.4.2.2.7.2.3

100“.202-7-2.“

10.4.2.2.7.3

10.4.2.3

10.4.2.4

ELEMENT 1, AUTHENTICATION KEY - Not required for FDIO.

ELEMENT 2, POSSIBLE DUPLICATE MESSAGE - Three characters

‘(PDM) shall be used to indicate a possible duplicate

when NADIN cannot logically determine absolute message
accountability during recovery.

ELEMENT 3, FILE NUMBER - ADP file number, as agreed by

users.

ELEMENT 4, DATA SEQUENCE NUMBER - Two characters shall

be used to indicate messages submitted to NADIN which
must be reassembled by the destination user to form

a complete message. This number will be assigned by
the originator, and NADIN will not be sensitive to

it. The final number shall be followed immediately
by the ASCII character F. This is only required for
messages which are broken into blocks to meet the size
limitation.

SUB~FIELD C - Sub-field C may be used later for additional

information which at the present must remain undefined.

MESSAGE TEXT - The message text shall consist of the

information to be transferred (e.g., an FDIO Remote Group
message). The message text in any one message shall be
limited by the originator such that the total message
length (including heading and ending but excluding any
insertions made by the channel control procedures) shall
not exceed 250 characters. In those cases where the
information to be transferred exceeds the allowable limit,
the originator shall divide this information and form a
Sequence of messages, each with its own heading and
ending and each within the allowable size limit. The
data Sequence Number (Optional Data Field, Sub-Field B,
Element 4 of the heading) shall be used to identify the
relative position of each message in the sequence for
convenience in reassembling them at the destination.
Example: /4.02 as the second page of text.

MESSAGE ENDING - The message ending shall consist of

CR LF VT followed by the end-of-text character, ETX
(ASCII 0/3).
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SPACE Sub-field A / Sub=-field B / Sub=-field C CR LF STX
17 69

(a) Optional Data Field

SPACE . CR LF STX
17 69
(b) Sub-field A Only

SPACE / CR LF STX

(e) Sub-field B Only

SPACE // CR LF STX

17 69
(d) Sub-field C Only

SPACE A / B CR LF STX

17 69

(e) Sub=field A and B

SPACE A // Cc CR LF STX
17 69
(f) Sub-field A and C

SPACE / B / c CR LF STX
17 69

(g) Sub-field B and C

Figure 1, APPENDIX 1, Optional Data Fileld -~ Sub-Field Delimiters
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20.1.1

20.1.1.

20.1.2_0

APPENDIX II

20. - 9020 CCC - FDIO CONTROL UNIT
INTERFACE CONTROL DOCUMENT

SECTION 1. - INTRODUCTION

PURPOSE - The information contained herein describes the interface

control requirements for commumications links between the NAS 9020

computer at each Air Route Traffic Control Center and the colocated
FDIO control units. Both the Central Control Units {CCUs) and the

Printer Control Units (PCUs) are considered.

To the degree pertinent, the procedures have been developed so as
to be identical for both CCUs and PCUs. Further, they have been
designed to be compatible with procedures specified for the inter-
face between the NAS 9020 and the NADIN concentrator (which may
functionally replace the CCU). See NAS-MD-750 or FAA-E-2661a,
APPENDIX F for the NADIN/NAS 9020 Interface procedures and see the
Processor input/output channel (PIOC) to NADIN input and output
interface Specification for hardware interface connection details.

Should the NADIN concentrator be used in place of the CCU, only

those requirements presented below that are applicable to the
NAS 9020/PCU interface shall apply.

SCOPE - This paper addresses interface control requirements at
three levels:

a. Physical, i.e., the communications lines;

b. Link, i.e., the control of transmissions; and

¢, Message, i.e., the actual data transmitted.
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20.1.3.

SYSTEM OVERVIEW - The FDIO communications considered here are of

three basic types: (1) output messages, i.e., transmissions from
the NAS 9020 to terminals (printers) located either at remote FDEP
sites or at the Center, (2) input messages, i.e., transmissions
from terminals (keyboards) at remote FDEP sites to the NAS 3020,
and (3) supervisory messages. Under the FDIO replacement program
all such communications shall be routed through control units
(concentrators) colocated with the NAS 9020 at the Center.

The control units fuctions involve both transmissions to and from
the NAS 9020 and to and from the terminals. This paper is
concerned only with the former pertinent functions related to
output messages from the NAS 9020 to CCUs and PCUs include:

a. Determination of output message acceptability and the
initiation of recovery procedures when an unacceptable
message 1s received;

b. Buffering of acceptable output messages for subsequent
transmission to terminals; and

c. Conversion of output message text from EBCDIC to ASCII
code.

Pertinent functions related to input messages (from the FDIO Control
Units to the NAS 9020) include:

d. Conversion of input message text from ASCII to EBCDIC code;
e, Implementation of link control procedures for input messages;
L. Transmission of input messages to the NAS 9020; and

g. . Implementation of recovery procedures when the NAS 9020 is
down or otherwise not accepting input.

The functions of the NAS 9020 computer relative to such transmissions
include:

h. Implementation of link control procedures for output messages;

-

i. Transmission of out messages;

J. Determination of input message acceptability and the initiation
of recovery procedures when an unacceptable message is received;
and

k. Implementation of recovery procedures when a control unit goes
down.
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20.1.4.

20.2.

Under the FDIO replacement program, the typical Center will contain
two CCUs and four PCUs. One CCU and two PCUs are generally required
for standard operations; the other units are included as one-on-one
back-ups in case of equipment failure.

REFERENCES

(a) FAA Order 1830.2, February 7, 1978, "Policy for Use of
Tele-communications Data Transfer Standards",

(b) ANSI X.3.4-1968, "The American National Standard Code
for Information Interchange.

(c) FAA Specification FAA-E-2661a, November 5, 1982 ™ational
Airspace Data Interchange Network (NADIN)."

(d) IBM form A27-2709-1, "IBM-9020 System Input/Output Operations
Reference for IBM 7289-02 Peripheral Adaptor Module (PAM)".

(e) IBM 9020 - Design Data.

(f) NAS-MD 314, "Local Outputs®,

(g) NAS-MD 315, "Remote Outputs".

(h) NAS-MD 311, "Message Entry and Checking".

(1) NAS-MD 750, "NADIN/NAS 9020 Interface" or "FAA-E-266la
APPENDIX Fw,

(J) PIOC to Nadin Input and Output Interface Specification.

SECTION 2, PHYSICAL CONTROL LEVEL - The physical connection between
each eontrol unit and the NAS 9020 computer shall be via cable
through General Purpose Output (GPO) and General Purpose Input (GPI)
ports in the Peripheral Adapter Module (PAM) of the computer.

Each cable shall provide line for bit-parallel, byte-serial trans-
mission of EBCDIC code (8 data bits plus parity bit) and additional
device control lines. FIGURES 1 and 2 identify the lines for the
input and output links, respectively. Additional details on this
interface are provided by the referenced IBM Form A27-2709-1.
FIGURE 3 shows the connection of all active and redundant control
units at an ARTCC with both primary and secondary designated PAMS,
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DATA LINES (9) SIGNAL INITIATED BY
PARITY BIT Cccu/pcu

BIT POSITION 0 CCu/pCu

BIT POSI’I'I(_)N 1 CCu/pPCU

BIT POSITION 2 ccuspcu

BIT POSITION 3 cCuspcu

BIT POSITION 4 Cccu/pcu

BIT POSITIN 5 ccu/pcu

BIT PQSITION 6 CCu/pCU

BIT POSITION 7 . CCu/pPCu
CONTROL LINES (6) SI@AL INITIATED BY
I/0 REQUEST cCcus/pcu
ADAPTER RESPONSE PAM

DEVICE CONTROL LINE 1 (DC1) PAM

DC3 PAM

DCy PAM

END OF MESSAGE (EOM) CCuspcu

FIGURE 1, APPENDIX II, CONTROL UNIT/GPI PHYSICAL INTERFACE
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DATA LINES (9)

PARITY BIT
BIT POSITION O
BIT POSITION 1
BIT POSITION 2
BIT POSITION 3
BIT POSITION 4
BIT POSITION

o W

BIT POSITION
BIT POSITION

-3

CONTROL LINES (9)

I/0 REQUEST
ADAPTER RESPONSE

DEVICE INOPERATIVE

DEVICE STATUS LINE 3 (DS3)
Dss5

Ds6

DS7

ADAPTER SELECTED

END OF MESSAGE (EOM)

SIGNAL INITIATED BY

PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM
PAM

SIGNAL INITIATED BY

CCu/pCU
PAM
CCu/pPCU
CCU/PCU
CCu/pCU
CCu/pCU
CCu/pPCU
PAM

PaAM

FIGURE 2, APPENDIX II, CONTROL UNIT/GPO PHYSICAL INTERFACE
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20.3.

20.3.1.

20.3.2.

20.3.3.

20.3-4‘

20-3-".1-

SECTION 3, LINK CONTROL LEVEL - Link control shall be implemented

by use of the control lines identified in FIGURES 1 and 2. These
procedures are discussed below.

INPUT TRANSMISSIONS (GPI/CCU AND GPI/PCU INTERFACES - Whenever
the NAS 9020 is able to receive transmission fram a CCU or a CCU
or PCU, control line DCl shall be raised by the PAM. DCl shall
not be dropped until such time as the computer cannot or will not
accept transmissions from the CCU or PCU., When the CCU or PCU has
a message to transmit to the NAS 9020, it shall first determine
if DC1 is up. 1If so, the CCU or PCU shall raise the I/0 Request
line and transmit one byte at a time in accordance with the
procedures specified in IBM 9020 design data. The end of message
shall be signaled by raising the EOM control line. Successive
I/0 request activations shall be separated in time by an interval
greater than 25 microseconds.

OUTPUT TRANSMISSIONS (GPO/CCU and GPO/PCU INTERFACES) - The control
units, by use of the Device Inoperative control line, shall inform
the NAS 9020 of their status. If the control unit is avallable,
the camputer shall output pertinent messages as they are generated,
The end of each message shall be signaled by raising the EOM
control line.

PRINT CONFIRMATION TRANSMISSIONS (GPI/CCU AND GPI/PCU INTERFACES

When the NAS 9020 transmits FDIO messages to either a CCU or a PCU,
the control unit shall buffer these messages until they can be
processed and ultimately printed. Each time a message is successfully
printed, the CCU or PCU shall transmit a confirmation to the 9020
using the link control described under Input Transmissions

paragraph 10.3.1., above. The Sequence used to identify individual
messages shall be limited to the first eight characters of the text.

EXCEPTION RECOVERY - Two types of situations may occur on these

interfaces which disrupt standard operations - transmission errors
and system failures. The system shall respond as follows to those
conditions.

TRANSMISSION ERRORS - Transmission errors are detected as parity

errors, If a control unit detects such an error in a byte of an
output message, it shall raise the DS3 control line. The NAS 9020,
upon sensing this, shall retransmit the byte. If the NAS 9020
detects a ‘parity error in an input byte, it shall raise the DC3
control line. The CCU or PCU, upon sensing this, shall retransmit-
the byte.
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20.3.5.2. SYSTEM FAILURE - Generally, system failures will be detected

20.4.

20.4.1,

through the control lines. Thus the loss of DCl will indicate

a computer failure and the activation of the Device Inoperative
line will indicate a control unit failure. 1In addition, the
computer and control units will maintain time-out functionms.
Detection of an intercharacter delay in excess of six milliseconds
in received messages shall be interpreted as a failure in the
transmitting device.

When an active CCU (PCU) has determined through self-diagnosis
that a internal malfunction has occured or is imminent, it shall
automatically cause a switchover to the redundant CCU (PCU).
Whenever a new CCU (PCU) gains control, it shall transmit a
sSupervisory message to the NAS 9020 (via the GPI interface)
indicating the change. The 9020 shall then output this alert on
an appropriate output device for the attention of the Systems
Engineer.

If an active CCU (PCU) malfunctions in a way which is undetected
internally, but which results in either activation of the Device
Inoperative line or aberrant behavior discernible by the 9020,
then the 9020 shall transmit a supervisory message to the CCU (PCU)
(via the GPO interface) ordering it to cause a switchover to the
redundant CCU (PCU). If proper operation cannot be reestablished
by this action the 9020 shall attempt to communiate with the
active CCU (PCU) using the secondary GPI/GPO addresses. The 9020
shall then generate an alert on an appropriate output device
which summarizes these events and the results., If necessary, a
switchover from the active (but presumably malfuentioning) CCU
(PCU) to its backup shall be performed manually.

When the CCU detects failure of the NAS 9020, it shall continue
to accept input messages up to the capacity of the buffer. The
CCU will then notify the remote units that it cannot accept input
(Receive Not Ready) until the NAS 9020 is again accepting input
and the buffer load is reduced.

SECTION 4, MESSAGE LEVEL

CODE SET - All transmissions to and from the NAS 9020 computer

shall use the EBCDIC code. It shall be the function of the CCU
and PCUs .to provide conversion to and from the IA-5(ASCII) code
used by all FDIO terminal equipment. Only those EBCDIC characters
that can be converted to ASCII shall be used. TABLE 1 identifies
this set and indicates the appropriate conversions.

105



FAAE-Z711 A

20.4.2. MESSAGE FORMAT - The basie FDIO messages shall be embedded in a
six-field message block. The field contents are indicated below:

FIELD P 2 3 L2 -3 []

9020

Output
Messages Priority Space Address CR/LR STX Text

9020

4_) Input
(Moct Messages Date-T{me Space Originator CR/LR STX Text

Gréup Address

20.4.2.1, FIELD 1, ~ The first field shall be used to indicate message
priority for output messages and the date-time group for input
messages. Priority shall be designated by a two-character code
as follows:

(a) GG, for lower priority messages, such as weather and
general information.

(b) FF, for other FDIO messages.,

C/Plad #)

20.4.2.2. FIELD 2. - The second field shall always be a single space
character used as a delineator.

20.4,2.3. FIELD 3. - The third field shall contain the address of the
station originating a 9020 input message or the address(ssY of
IV Clu J—C uwp TD the stationir)’?esignated to receive a 9020 output message.

5{7 Wt el Ao te e Individual addresses shall

A d w///S‘:m‘P)/ il e g o ocatioa—Nul
ThS SToTus ofs sepansted-by SIMETe Spucecharacterss Th total Stons otais mot
Well A3 173 Rel  exceed—tT-oharecters—ineiuding-the—spaces.-

UF AW h MQO.H.Z.II. FIELD 4. - The fourth field shall contain two characters-carriage
return (CR) and line feed (LF)-used as a delimiter.

20.4.2.5. FIELD 5. - The fifth field shall contain the start of text
character, STX (GEX 02), indicating that the text follows.
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20.4.2.6. *

xviii

XX

Delete the first paragraph
substitute the following in

4. lieu thereof:
M A - 8 -

xvii, 20.4.2.6,

TYPE TEXT

However, several functions presently performed in the 9020
shall be deleted. Specifically, existing requirements for
EBCDIC - PTiT code conversion, addressing, polling and the
insertion of idle characters (to compensate for carriage
motion delays) are all removed. Instead, the supervisory
information required in preparing or interpreting FDIO
messages shall be combined with the text in producing
multified message blocks as defined in paragraph 20.4.2.,
Message Format. )

The text for 9020 input message shall have length limitations
as in the existing system, described in NAS-MD 311. The
contents shall be as entered at the terminal (RCU) or
preplanned supervisory commands or responses converted to
EBCDIC.

Add the following new paragraphs:

20.4.2.6.1, Subfield A - This field is
two characters long and
identifies the specific type

. of NAS-FDIO message.

- Different messages (i.e.,

I Fight Strip Diagnoestic, Error
Status, etc.) will have
different type fields,

20.48.6.2 Rename paragraphs 2 and 3 to
. ’ "20.4,2.6.2. subfield B -
However, , .™

, Delete all references to
Federal Standard 1031.

®*ASTERICK DENOTES VARIANCE WAIVER DEVIATION GRANTED BY THE

GOVERNMENT.

**PERMANENT CHANGE TO SPECIFICATION FAA 2T11A DATED SEPTEMBER 26,

1983.
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TABLE 1

EBCDIC/ASCII CONVERSION

SYMBOL IC HEX REPRESENTATION
NAME EBCDIC ASCII MEANING
NUL 00 00 NOL/IDLE
SOH 01 01 START OF HEADING
STX 02 02 START OF TEXT
ETX 03 03 END OF TEXT
EOT 37 o4 END OF TRANSMISSION
ENQ 2D 05 ENQUIRY
ACK 2E - 06 ACKNOWLEDGE
BEL 2F 07  AUDIBLE OR ATTENTION SIGNAL
BS 16 08 " BACKSPACE
HT 05 09 HORIZONTAL TABULATION
LF 25 0A LINE FEED
vT OB OB VERTICAL TABULATION
FF oc oc FORM FEED
CR oD oD CARRIAGE RETURN
S0 OE OE SHIFT OUT
SI OF OF SHIFT IN
DLE 10 10 DATA LINK ESCAPE
DCl 11 1 DEVICE CONTROL 1
DC2 12 12 DEVICE CONTROL 2
DC3 13 13 DEVICE CONTROL 3
DCY 3C 3C DEVICE CONTROL 4
NAK - -3D 15 NEGATIVE ACKNOWLEDGE
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SYMBOLIC
NAME
SN
ETB
CAN
EM
SUB
ESC
FS

GS

Us

Sp

HEX REPRESENTATION

EBCDIC

32
26
18
19
3F
27
1c

4o
4F
TF
7B
5B
6C
50
7D
4D
5D
5C
4E
6B

60

109

ASCII MEANING

16 SINCHRONOUS IDLE
17 END OF TRANSMISSION BLOCK
18 CANCEL

19 END OF MEDIUM

1A SUBSTITUTE

1B ESCAPE

1C FILE SEPARATOR
1D GROUP SEPARATOR
1E RECORD SEPARATOR
1F UNIT SEPARATOR
20 SPACE

21 EXCLAMATION MARK
22 QUOTATION MARK
23 NUMBER

24 DOLLAR

25 PERCENT

26 AMPERSAND

27 APOSTROPHE

28 OPEN PARENTHESES
29 CLOSE PARENTHESES
2B ASTERISK

2B PLUS

2C COMMAN

2D HYPHEN



FAAE-Z711 A

SYMBOLIC
NAME

W 0o N O FE W N

L

o o w

HEX REPRESENTATION

EBCDIC

4B
61
FO
Fl
F2
F3
F4
F5
F6
F7
F8
F9
TA
5E
4c
T7E
6E
6F
7C
Cl
c2
c3
ch4

110

ASCII MEANING

2B PERIOD

2F ) SLANT

30 ZERO

31 ONE

32 THO

33 THREE

34 FOUR

35 FIVE

36 SIX

37 SEVEN

38 EIGHT

39 NINE

3A COLON

3B SEMICOLON
3C LESS THAN
3D EQUAL

3E GREATER THAN
3F QUESTION MARK
40 AT

41 UPPER CASE ALPHABETICS
42

43
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SYMBOLIC
NAME

'xy

H I Q

0O == =X W &

HEX REPRESENTATION
ASCII

EBCDIC

C5

111

45
46
47
48
49
uA
4B
uc
4D
4E
4F
50
51
52
53
54
55
56
57
58
59
54
5B

MEANING

OPEN BRACKET
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SYMBOLIC HEX REPRESENTATION
NAME EBCDIC ASCII MEANING

EO 5¢C REVERSE SLANT
5A 5D CLOSED BRACKET
S5F 5E CIRCUMFLEX

_ 6D 5F UNDERLINE
79 60 GRAVE ACCENT

a 81 61 LOWER=-CASE ALPHABETICS

b 82 62

c 83 63

d 84 64

e 85 65

g 86 66

g 87 67

h 88 68

i 89 69

J 91 64

k 92 6B

1 93 6C

m 94 6D

n 95 6E

'o 96 6F

P S7 70

q . 98 71

r 99 72

s A2 73
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(CLOSE BRACE)

SIMBOLIC

NAME EBCDIC

DEL

BIT POSITIONS

012345617
7654321

HEX REPRESENTATION

A3
Ay
A5
A6
A7
A8
A9
60
6A

DO

Al
07

113

ASCII

74
75
76
77
78
79
7A
7B
7C

7D

7E
TF

EBCDIC

ASCII

MEANING

SOUTH (DOWN) ARROW (OPEN BRACE)
VERTICLE LINE

NORTH (UP) ARROW

OVERLINE
DELETE
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APPENDIX I
F] 1IDERMPICATION m'll
DATA ITEM DESCRIPTION —
LI 4} (%
"AS BUILT" CONFIGURATION DATA LIST Navy=SE UDI-E=-20409B

3 SEICHOTION SUASELE

This item Of data also known as & "Configuretion

" "20DEC w76

Log Book™, "Configuretion Sheet” or "Hardvare S 809.CL OF PaImen®
¢

Configuration Lise (MTL)" 13 a certified list of

(43 {111 T9NLaJ

all specifications/dravings used to fabricate each SEA-06Gs
delivered unit. It 13 a means of providing confige [o secsseciase

urstion scoounting required by the configuratiss
aazagesest plan.

S APSEOVLL LimTaATION

T APGLICATON 1 TERAE,, »* sl

® EREFCACnE RS (mendeiery o8 Sorad
c seas 1%

WEH NUNEEMD

% PALORATION 1wb?OWE TIONS

10.1 The "AS BUILT" Configuration Data List shall bde in the contractor's
format and i{nclude but not pDecessarily bde limited to the follewing:

T U.6. SOVEINEAE? Inaring SFFIGE 10Tren 116.097/1040 8 »

113

8. Systea/Tquipzent MAPK and MOD or AN nusber and nomenclaturs.

B. Ites serial nunder or lot number.

€. Item specification and/or draving number and revision letter.

4. Technical Data Baselins.

e¢. Approved changes (Class I and II), deviations and vaivers to the
Technical Data Baseline.

. £+ Lover indentured components and/or assemblies serial numbers.

€- Date of shipaent from factory (year, month) and destination

h. Test Data as prescribed by the governmert.

i. Certified stazement that the above information descrides tie
serialized/lot {dentified items delivered.

D "‘3_“..‘664 $/%:0102:019.4000 PLATE nO. '0ses P, . o ) ___seaas

Dedsr?
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APPENDIX 1V

ATTAGIMENT 2 ; NAS DOCUMENTATION STANDARDS
DEC-10 SYSTEM STANDARDS———

1.0 STANSARDS. The. standards prescribed herein have been ‘devised to Rinimize

2.0

the manual input elfort reguired by NAS Documentation Services and to be
compatible with planned system enhancements,e.g., optical character readers.
where these stancards conflict with existing standarids, the existing
standards shall prevail if reguired. However, originators should realize
that any deviazions from the standards specified herein will Tejuire longers
Prosessing times.

INPUT HARD CCPY TEXT STANDARDS.

a. Seguence of Parts. The follewing standard sequence of parts of
a typical NAS document shall be used where applicable:

(1) Netice Pace (designating complete revision oz change page
package). Not reguired for nev document.

(2) Cover.

(3) Change History. Not required for nev document.

(4) Preface.

3

(5) ZTadble of Contents (to 3-digit secondary sidehead level).

13

(6) List of Tabdles.

(7) List of Picires.

(8) List of abtreviations.

(9) Secticns.

(10) Appendices.

b. 1Input Form and Page Size. Originators of NAS documentation shall
submit material in legible, typed form on standard 8-4 " x 11” paper with
7° x 9% image area.

€. Section Heads. Each section head shall begin on a nevw page
sedarate2 from body text or sideheads with three line feeds. The section
head shall be centered in full caps with three fixed spaces between nunber
and title.

4. Primary Sideheads. Prirary sideheads shall be typed flush left,
in full caps, three fixed spacesc between the number and the sidehead, and
two line feeds before and after sidehead.
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APPENDIX IV

-
e. Secondary Siceheads. Secondary sideheads shall be typed flush lefz,
iritial caps, three fixed ssaces between the number and the sidehead, and
tws line feels before and after the sidehead. Full cap panel designations,
asronyms, etc., shall remain all caps in tha sidehead. .

f. Tertiary Sideheads. Tertiary sideheads shall be typed flush left,
‘initial caps, thres fixed spaces between the nurder and the sizehead, a
ciod after the sideheal, and twe line feeds before the sidehesl. Uss two
s;aces after period and run in text on same line. Full cap panel designations,
acronyes, etc., shall remain all caps in the sidehsad.

g. Paragrachs. Paragraphs shall be single-spaced and blocked, with
two line fesds before and after each paragraph.

h. Listings oc Steps. Llistings or staps shall be indented in multiple
s7aces of five, single-spaced, paragraph-blocked, with two line feeds
before and after each item or step. Subordination shall be: a., l., (a),
).

i. Figuze Titles. Figure titles shall de typed in full caps an
centered below the figure. Multiple sheets shall be designated per exam:le
below. Runover lines shall be centered under first line. rFigure number
shzll be Arabic prefixed by section number and separated by a dash.

Exanple: TFIGURE l-1. STANDAAD TEST EQUIPMENT, INTERMEDIATE
SIDE VIEWS (SHEET 2)

3. Tabdbles.

(1) Table Titles. Table titles shall be typed in full caps and
centered on page above the tadle. Multiple shests shall include the word
(Continued) ina initial caps in parentheses. Runover lines shall be centered
under the first line.

(2) Colu=mn Heads. Calumn heads shall be typed in initial caps
with the bottoz rcws aligned. Horizontal rules shall de drawn under c¢nlien
heads wizh the exception of complex tables which will require box rules.
¥Ferizontal rules for column heads shall not apply to originators supplving
documentaticn on tape (sce parasraph 9.).

(3) COversize Tabular. Tables shall be oriented for minimm
reduction. 7Tyrs oversize ani reduce to 7" width for vertical page or
8-1/2" x 6-1/2" for horizontal page.

k. Note, Caution, and Warnings. The words Note, Caution, and
Warning shall be centered, full caps, standing alone on line vith three line
feeds before and two line feeds after. The body shall be blocked, singls-
spaced, and indentad 12 fixed spaces on both sides.
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1. Foo=notes. Single, doubio, and triple asterisks shall be used for
footnotes. 1J additional notes are needed, single and double daggers shall
be used. Digits may also be used for footnotes when Tequired.

3.0 INFUT TEXT TAPEZ STANDARDS. Originators supplying text for NAS documentation
on magnetic tape siall comply with the format specifications given in
Input Hard Copy Standards, eicert that the nine-inch image length rsguire-
ment shall not apply. NAS documentation will define pPage breaks during the
editing process. 1In adldition, the following requiremen:zs shall bDe satisfied:

a. Ths tape shall contain nine tracks at 800 bpi in DEC-10 ASCII
format (see Tadle 3-1).

b. Fixed blocks of 128, 36-bit words, shall be used.

€. Each DEC 10 memory word is composed of five, seven-bit ASZII
characters from left to right, with the 36th bit zero.

, d. Each record within the block shall be terminated by an ASCIZ
carriage return/line feed pair. ,

@. Records span blocks.

£. One 16-bit word requires five frames on nine-track tape (see
Table 3-1).

g. Each tave shall con<zin no core than ten doéunon:s and each
document shall end with a file mazk.

h. The following commands shall be used to comply with the format
requiredents specified in paragraph 8. Special cases not discussed in
paragragh 8., e.5., matheratical equations, shall be coordinated with
NAS Documentatica Facility at FAA Technical Center.

(1) The command BAScTy] shall be used at the beginring of each
dozuners.

(2) The command/z shall be used for a carriage retusn (flush
leZz) with nc line fosd.

(3} The command/l (lower case L) shall be used for a carriage
returr and line feed combination.

(4) The comrand/p performs the same function as two/l commands
and shall be used at the end of each paragraph.

(5) The ccmmandAm (caret sign m) shall be used to advance one
fixed character space.-

(6) The cormand /e shall be used to center the text immediately
pteceding.

(7) The cormand /r shall be used to place the text entered after
the last coormand flush right on the page.

116



FAAE-Z711 A

APPENDIX 1V

TABLE 3-1. NINE-TRACK TAPE FORMAT

Frane ) Frane 2 Frame 3 Frame < Frame 5
Trazk 1 (Pazaizty) (o1014] oDD oDD oDDd (070)2]
2 0 ] 16 24 Zero
3 1l 9 17 25 Zaro
4 2 10 18 26 b Ja)
5 3 11 19 - 27 k3
° 4 12 20 28 32
7 ] 13 21 29 a3
8 [ 14 22 30 k¥
9 7 13 23 N (aézc)
I3
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(8) The command/u shall be used to advance horizontally to
thy next tab set.

{9) The com=and [var.] shall be used to ver:tically advance
n ( a integer) -Poants.

(10) The command[Vrr]l shall be used to vertically zeverse
n ( an integer) poants.

(11) The comrandlilen] shall be used to indent n (an integer)

s3acss.

(12). The cormand [ils] shall be used to cancel the currently
active [mn-D command.

(13) The entries A/, A%, A[. lndi\] shall be used where the

characters /, +, [. mé zespectively, are required.

(14) The command [tsen,, yreeee, Onj] shall be used to set j
{an integer) tabs of nl. nz....ctc.. spacss.

(iS) The command[ ty] shall be used to cancel the currently
aczive Eslnl, *n,. ...., #n_Jcommand.

(16) The cormani EzbJ causes the succeeding characters to be
set in bold face t\Te.

(17) The ccrmand Cfr_] cancels the currently active [fa] commana.

+.0 INPUT HEARS CCPY GPAPHICTS STANDARDS.

A. Grathics Standards. Unless stated otherwis2, graphics shall
conform to MIL-STD-100, Engineering Drawing Practices.

(1) Text Heicht. Standard text height for illustraticns is
0.09" (ten-point type) in urper case. lower case lettars, mathemat:ical
s mbols and sign§ Greek letters, svbscripts, and superscripts may ke
used vhen regquired. Text heighs for titles is 0.157" (16 point type).

{2} Computer Program Flowckarts. All flowcharts shall be
Prepaczed on the following ratrices:

5x10 matrix (11" x 17®). Ses Figuze 3-i.
3x8 matrix (11" x 17"). See Pigure 3-2.

6x14 matrix (11" x 17"). See Figurs J-13.
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APPENDIX IV

(a) Flowchaft Symbols. S+¢andard flowcharting symbols shall be
used. Mcst are shown in Figure 3-=1. Others are eontained in FAL Order
1373.14A CHS 1, Flowchart Symbol Standards, dated September 22, 1975.

{(b) Alphanumerics. The alphanumerics for each block shall be
kept to a minimum and limited to the size of the blcck to avein spillover.
Abbreviations shall be use2 wherever possitle. The capacity of blosks
varies with their size and shape. Figures 3=4, 3-5, and 3-6 ghow exarzles
of the capacity of oferaticnal biocks, decision blocks, and offrase con-
nectors for the 3x8, 5x10, and 6xl4 mAtTices, respectively, for each of
the two fonts used.

() TFlow Direction. Flow direction is represented by lines
between symbols. Normal direction of flow is from top to bottom and from
left to right. Arrowheads are reguired to indicate reverse flow direction
only. Where flow is bi-directional, arrowheads are used to indicate both
normal and reverse direction flow. Plow lines shall intersect only whers
valid junctions ace intended. )

(d) Reproducible Flowchart Submissions. Flowcharts prepaced
in reproducible form shall contain lines which are opague, O.4m (0.16%)
in widsh, and suitable for microfilming yi:h a reduction of 24x.

(3 ic, Wiring, and Schermatic Diagrams. Wiring and schematic
diagrams shall conform to ANSI Y14, American National Standard Drafting
Manual. .

(a) Diagram Svrdols.
1 Logic Diagram Symbels. Graphic symbels used in

electronics logic diagrams shall conform to ANSI ¥32.14, Graghic Sy=mbols
for leogic Diagrass.

2 Wiring and Schematic Diagram Svmbols. Wiring and
scleanatic diagram symbols shall ccnform to ANSI Y32.2, Anerican National
Standard Gragphic Symbols for Electrical and Zlectronics Diagrams.

(5) Reproducible Diagram Submissions. All line work prepared

in rezrodicible form shall contain lines which are opague, O0.4mm (0.16™)

in width, and suitable for microfilming with a reduction of 24x. Lattering
may be typed or by lettering machine, but must be open, opaque, and fully
legible so as to aveid loss and fade out in aicrofilming, reduction, or
reproduction.

INPUT COMPUTER LISTING TAPE STANDARDS.

a. Listing Tape Standards. All computer listing print tapes shall be
nine-track, 890 bpi,” and have either ASA, 1401, or 360 standard carriacge

control formats with blocking factor not to exceed ten.
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. Tape Identification. Tapes shall be submitted with labels
scecifving the title, type of listing, and specific instructions defining
which cata to place in the index frame of the microfiche.

c. Output Microfiche Format. The tape will be run on the COM syste
for microfiche output in a 48X standard vertical paginated format (270 |
fzames per fizhe) as specified in FAA Order 135..21. FAA Microform Standards,
datcd September 1, 1977.
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APPENDIX IV

6.0 INPUT- HARD COPY TEXT STANDARDS

B Niscellanesus.

. (1) Poldouts. Pages large snough to require foldouts are net
ocrpatidle vith the current automatic processing equipment and thersfors,
sannot be produced on microfiche. Originatsrs requiring foldouts shall
contast ACT-765 prior to docuzent sutmission to allowv special arrangezants
t5 be made.

_ (2) Page Wu=bering. Pages shall be mumbered {3 Arabic prefixed
by the section auber and placed right and lefs, e.g., 1=1, 1-2, 3-3, 2-2,
a-3.

- - (3) Change Pages. If 40 percent or less of a documant bas
changed, & Bard copy change package, including a sotice sheet and instrue~
tions, may bde produced, however, microfiche of the complets Socument shall
be made. The current change shall be noted by a change bar shown en the
zight margin of the text. Since pags su=bering is done autceatically,
change page packages may contain many more pages than vere changed teche
aiecally. :

(4) Balftones and Photographs. Ealftones and photegraphs shall
Bot be used unless absolutely Recessary. They are not ccepatidble vith
the current awvtomatic processine equipment. Originators requiring halftones
or photographs shall contass ACT-76S prior to document sudbrission to allow
special arzangesents to be made Jor digitizing the {llustrations.

b ¥
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NAME TEL @
Joformetisn Randling Bervices $24-0¢n2

1700 Noreh Meoere Btreet
Arliagten, Virgisie 23227

Atts:  Charlie Sobel

loternstional Computeryriat Corporstisn 213/641.6M18
475 Virgieis Drive
Port Vashingten, Pesna. 19034

Aten:  Peul Piembine .

S0GITIC Ime. 203-7955s
1875 1 Screet WW

Vsshingtea, D.C.

Suite &N
20006

Atts: Dusne Widerman

Hicre Tech Industries 215/533-3300
1301 Ontey Street
Philedelphia, Penns. 19124

Atez: Marie Schreth

APC Craphics 21579223151
1125 Velsut Street
Paidelphis, Penng. 19107

Atze:  Jee Defisis

PRC Image Deta Bysteme Co. 893-1900
760" Syringhouse Roed
Melesn, Virgista 221042

Atzn:  Jeseph L. Rughes

18

Craphic Detas Imc.
Fellowship Road and Vest Park Drive
Meust laurel, Newv Jareey 08054

Attn:  Kan Margulies

Raytheon Cowpany
328 Destes Past Reed
Sudbury, Massschusetts

Joswph 2. Coeper

01776

i 1441

’ Uslter D. Rett

Tymshare Inc.
1500 W lsen Blvd.
Arlington, Virgiaies 22209

Attn: Duane Stene

Sun Inforwmscien Services
680 Rast Swedesford Resd Sulte 310

Vsyse, Pesns. 19007

Atea:  Jack Scett

Priscetsa Dats File .
?. 0. Bex 231
Prisceton Junction, Sev Jersey 083

Atta:  Jeba Pesads
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APPENDIX V

DATA ITEM DESCRIPTION 2 IPERTIPICA TGN NN

L1114 aysice

DAY

REPORT, RELIABILITY STATUS . NAVY pI-#-2119

T SLAEMIOVIoN Syaseil s eaenava. BVL

This report keeps the orocuring activity aware of the 1973 Auguse 23

progress of the r.ﬂubility effore. TRl e e g USeT)

0S (AS, EC, SH)

* BOC BEGuNED

N/A

 aPPOOUay wumT AT r0nm

T aeey Ctatin mTLOSE, 4T SNImS
Quantitative relianility requirsments must be specified
for the and itam. These requirements are allocated to N/A
sach unit of the hardwars breakdown structurs. Predictions
and tests are then to be performed in order to verify that

e ———————————————
BEP LB Lng L) MINANAry as Cood &
Moss I1®

the quantitative requirements and allocazicons have bemn MIL-STD-750

pet. A report i3 then prepared and submitted describing MIL-5TD-78S

the relfadility program so that there is a schedule by MIL-STD-883

which program and status can be measured. nIL-STD-847
: MIL-STD-1304(AS)

-~ . MIL-HDBK-217

wetn NyntSMb

30440,20328
1§ PEES 8ot 10w WY Ryg TIGNS — - =

10.1 Unless otherwise indicated herein, documents cited in this block of the
issue in effect on the date-of fnvitation for dids or reduest for provosely orm--©
cuot:tions form & part of this-Tata [tem Oescription to the extant specified
harein, :

10.2 Reliagilfty Status Resort. Thls report shall consist of a relfadility
Eanigement sucwrary, & reliadility schedule prodles narrative, and s relfability
trend summary. ) - .

10.2.1 Relfability Management Summary. This shall include an enumeration-of -
the work packages scieduled 3 De in process or actually in process during
the reporting pericd and the work packages scheduled to be fn process during
the next reporting period. The enumeration of work packages shall show the
time status of sach work package indicating: .
2. The scheduled starting dats
b. The actuwal starting date
c. The scheduled completion date —_—

d. The actual completicn dats.

DD 1664 1/ -e10i-010:4000  siar sa. 1viae veet ) 00 S _ceens

804897
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DI-R-2119

10. PPI2APATION INSTRUCTIONS (Continued)

10.2.2 Reliability Schedule Problem Marrative. This shall be presanted in
concise narrative form and £2, be supplemented by graphs to highlight significant
trends, developmerts, and fastors. The tooics to Be discussec shall incluce

byt are not limited to:

10.2.2.1 Outlook: .The overall outlook shall be analyzed in relatiocn to

the current cates and latest revised reliability estimates for the end item
requirements and 2150 in relation to previous outloocks. Reasons for major
df fferances Detween the current and preceeding cutlooks shall be analyzed in
terms of important intermediate objectives which precede the ending event.

10.2.2.2 Problem areas and corrective action. All major problem areas
disclosed Dy analysis of important ntarmediate objectives or by deviations
of latest revisad estimates from reliability requirements shall be fdantified
ts the summary number; and the action taken, or solutiens propcsad, shall

be repcrted. This sectiocn shall cover actions that the contractor {3 taking
to avoid slippages and recommendations for Government action. Problem areas

.

reported previcusly shall be carried forward until rectified. .

10.2.3 Reltability trend summaries. This summary shall incluce a set of figures
similar T3 Figure ‘. These figures shall show the allocated.predicted, and

demonstratad reliability charactaristics for the current and previcus trend
sysmaries.

10.2.3.1 Demonstrated reliability. The value of demonstrated relifability to
be shown shall be bDased on the cumulative results of tests to date for the
1tem in the then current configuration.

10.2.3.2 Predicted reliadility. The value of predictad reliability to be
shown shalT be a synthesis of the predictad or demonstrated reliability of
the items at the next lower level of assembly.

10.2.3.3 Allocated reliadility.

10.253.3.1 End Item. For the end {tem, the overall design requirement shall
be shown.

10.2.3.3.2 Subordinate ftams. The allocated value of the end 1tem overall
design requirement shall be shown. :

10.3 Formst. This report shall be prepared in accordance with MIL-STD-847.

.10.4 Changes. When changes are made to the end {tam, this report shall de
supplementad with revision material o reflect the change. Rovised matsrial
shall bear the same Dage numbars 33 those pages which are %0 be replacad,

plus the word "revised’ and the dats of revisions. Additicnal pages shall bear
the same page numder as the preceding page followed by a lower case letter
unless the additional pages follow the last page of the report. Revised or

Page 2 of S pages
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10. PREPARATION INSTRUCSTICNE (Continuel)

added material shall include a revised title page indicating the date of the
revision. The revised title page shall cocntain the information contained on
the original title page plus a revised index of revisions.

10.5 Naval Electronics Systems Commarmd Option: The Report, Reliability Status
" shall contain the following infermation:

a. A complete accounting of progress on a1l tasks required to be performed
by the reliability program plan.

b. A1l detafls of additions, deletions, or changes to the tasks defined
by the reliability program, scope of effort, milestones, key perscnnel,
procedures, or crganization with a drief discussion of why thesc additions,
deletions, or changes are required.

c. A complete account of results achieved for each tisk defined by
the reliadbility program.

d. ldentification of all problems affecting design, schedule and
reliadility along witn proposed solutions and solutions implemented since
the last report. An estimate of scope of effort and completion date
shall be included for each problem.

e. The number of man Rours allocated to the reliability program plan.
No specfal accounting procedures are required. The results of the contracisrs
own planning System, such as Gantt charts, Pert Charts, etc. may be used. ‘

f. A cumulative 1isting of man hours spent on the program as of the
date of the current report including name and labor grade. No special accounting
procedures are required. The results of the contractors own accour ting system
may be ysad.

g. Relifability requirements imposed on subconiractors and suppliers
and reporss on any surveillance of subcontractors or suppliers activities
in the periodic report {mmediataly following the impcsition of the requirement
or following the surveillanca.

h. Notification of contfactua11y scheduled prograr reviews with agenda.
The minutes of the program review shall be included in the pericdic report
imrediately following the program review.

1.~ Any-failure rate data obtafned from sources other than MIL-H0BX-217.
Encugh {aformation in support of the railure rate data must be included in
the periodic report for the procuring activity to evaluate the validity and
applicability of the data. This data must be submiited ro latar than the
periodic report immediately foilowing the acquisition of the data.

§. The documentad results of design reviews srall be fncludad in the
periodic report imradiataly following the design review.

Page 3 of 5 pages
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3. PREPAFATIIN INSTRUCTIONS (Cantinued)

k. When a component that has been subjected to special screening
techniques (such as X-Ray, MIL-STD-750 tests, MIL-STD-383 tests, etc. for
the purpose of enhancing reliability or claiming lower failure rates)
fails prior t0 incorporation into an assembly, the failure shall be reported
ang andlyzed in accordance with the paragraph *Failure Data Collection, Analysis,
and Corrective Action”™ of MIL-STD-735 and the approved reliability program
plan. A1l of the data pertinent to the specific screening tachniques shall
be included in the first perfodic relfability report sudsequent to the
pccurance of the failurs.

10.6§ Naval Air sttemﬁ Command Option. The content of this report shall be

in accordance with MIL-570-1304({AS). e format of this report shall de in

:c:araancn with MIL-STD-847. Change matarial shall be in accordance with
o.‘.

Fage & of 5 pages
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APPENDIX W1
DATA ITEM DESCRIPTION : Sl ULLALLLELL e |
aGEwre syeeges
' AEPORT, RELIABILITY AND MAINTAINABILITY NAV- | up1-r-21570
ALLOCATIONS, ASSESSMENTS, AND ANALYSIS SHIPS
1 BLIEDP Tr@w SLEPANE 4 ABOGOGum GavQ
This report is used by the procuring activity to (1) 72 APRIL 01
svaluate the contractor’'s estimate of reliability and P atwesmmuirr
maintainability (the predicted growth, allocation, and SHIPS 0128

degree of achievement of these characteristics in the
contract end item and Its constituent elements); (2)
evaluate the current and potential relfability and maintain~
ability of the contract item design: (Coat’'d. on next page)

SOL Scwrage

9 APPSOV Ay LMY AV Ii0m

? AD9L LA BRI WY RO E, 6 HEN e

This Data Item Description is applicable

during the contract definition and acquisition
phases and equipment contracts for complex
equipments through the end of testing.

It may also be used to
define information to be submitted in response to a2 request

for proposal.

 agogmgmeey f'-l.u-v 0 Crow o
Meoss 199

MIL-STD-470
MIL-STD-72!
MIL-STD-758
MIL~-STD-785
MIL-HDBK-217
MIL-HDBK-472
NAVSHIPS-934820

BE, SYnetS

COEP AT HPN @b Bul V'EMG

1. The refersnced documents (block 9) in effect on the data of invitation for bid or
request for proposal form a part of this DID to the extant specified herein.

2. This rsport shall contain as 2 minimum, the {ollowing information:

a. Contractor's analysis of reliability and maintainability potential of the
contract item design, including mathematical models, logic diagrams, functional
block diagrams, assumed cperating conditions, eavironmental criteria and other
ralated considerations used in accomplishing the ealculations.

b. Full disclosurs of the equipment breakdown, including identificatios of
the componeat parts affected (by name, part number, work unit code, Federal
stock code and other standard designators when possible), {ailure rates, repair
rates, holding time (and cther time factors), assumed equipment usage, maintenance
doctrines. conditions utilized in the analysis, and a comparison with his allocatica.

e. Analysis of potential modes of {ailures:.their probable cause and effacts
on performancs, reliability, and maintainability. The saverity of these effects and
the probability of occurrence per the severity classification under applicable
operating modes and environmants shall be indicated. The degree of protection
afforded by the design against the occurrence of the failures or their adverse

results shall be specified.

QR
t S o0

0D 1664
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DATA SET CONTINUATION SHEEY

TTLE ConIat, »Q

REPORT: RELIABILITY AND MAINTAINABILITY UDI-R-23570
ALLOCATIONS, ASSESSMENTS, AND ANALYSIS

Description/Purpose - Continued

provide information to assist in directing and planaing and allocation of resources
for reliability and maintainability and related program efforts: and (4) identily
design featurer which are deemed critical with respect to reliabllity and maintain-
ability. .

10. Preparatios Istructions - Countiaued
d. Description of the purpose snd functioe of the spplicable {tems.

. e. A description of trade studies iavolving reliability, maintainability, and
atber factors and the resulting effects ca overall system effectivesess. Trade
studies shall be made available at the request of the procuring activity to substan-
tiate and expand the results.

{. EMects of storage, shelf-life, packaging, transportation, bandling, aad
maintenssce oo the reliability of the product. Major or critical characteristics
of {tams which deteriorate with age should be included, pius environmental limits,
maiotenance pilosopby, and equipment usage. :

g. The cootractor’s conclusions, {dentification of problem areas, and relatad
scticas taken or proposed as & result of the snalyses. A list of further design
studies plansed as & result of these analyses shall be included. -

b. The ccotractor's allocations of the overall quantitative goals and minimum
requirenents for contract item reliability and maintainability specified by the
procuring activity or developed by the coatractor, as spplicable, to lower indeature
{tems down to the level specified in the contract or, {n the absence of such
specificatica, to the lowest level of coatract {tem breakdown deemed appropriste
by the coatractor. As 3 general rule, this breskdown should be carried to the level
at which failure reports will be submitted. -

{. Curreat cbserved achisvement of reliability or maintainability of the
cootract {tam and its conatituent elements to the Towest practical-level of indesture.
In each case, the type sad units of messurement shall be clearly identif{led (e.g..
MTEF in hours, MCBF, MTTR active time, MTTR, mesa man-bours, MTBM,
svailability, probability of satisfactory performance, percent successful, ete.)
Confidence levels or intervils shall be stated where appropriata. Achieved and
predicted reliability growth curves shall be ineluded. A comparisoa with the
analysis and allocaticn for the contract item shall be {scluded. Whers multipls
tests are couducted to assess reliability, methods of combining data and confidence
limits shall be discussed. :

§. An estimate or measure of end item reliability.

k. An estimats or measure of end item maintainability.

RAVLAP FORM o8 § (ludl) PACIe OFé PacTs
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APPENDIX VII
DATA ITEm DESCRIP TION INCR T ICA T Ow BOIs
(134 34 Svest»
¢ vivpg
PN, RELIASILITY PROGAAM NAYVY DI-R<2113
> GG Mot ion Puacess, - ASSaeYan DAvE

This documant sarves as dasic documentation of the

contractor’s planning of the Reliadility rrograns 2o be
conducted for the applicable contract ftems. The plan
13 usad by the procuring activity to effect initial review [0S {aS. SH, EC)

373

I GFPPiCR @Ff Soiman?
SLISPN G GuI?Y

and approval of the contractar's Reliabdility Program * e¢ acewiecs

and as the Basis for monitoring and evaluating the

contractor's conduct and as the dasis for monitoring and N/A
evaluating the contractor’'s conduct of the prograa. S eRev s CvATIeS

B ICA YW IR IEERE, 71O NS

This Data [tem Description 1s applicadle

during contract definition and /A
acquisition phases and equipment procurament [T osrtacectr e ey & e =
contracts when contractors are ts conduct reliadility
programs in accordancs with MIL-STD-785. This plan nay MIL-STD-78S
be obtained either precontractually (during the RFP/RFY/ NIL-STD-847
IF8 phase) or as & product of the definition phasa and RIL-STD-1304(AS)
ugdn:d during the acquisition phase or prior to produce
tion phase.

WEN, SUeEHmn

30440,20320
W PANS 48470 Jabh? Sl TIORS
H.1 Unless otherwise indicatad herein, documents citad fa this block of the
{ssus 1n effect on the dats of invitaticn for Dids or requast for proposals or
:ot:tims form a part of this Data [tem Description to the extent specified
rein.

10.2 The reliadility progrem plan shall be prepared fa accordance with
MIL-STD-78S, paragragh 4.4,

10.3 Fermat. This report shall de in general accordance with MIL-STD-347.
10.4 Naval Electronic Systems Command Option: The reliadility program plan shall
address ail paragrapns of MlL- in accordance with the guidance gfven for
the applicadle paragraphs both in MIL-STD-78S5 and this data item description.
khere no guidance is given in this data ftam description, 1t is felt that guidance
given in MIL-STD-78S {s sufficient for the preparation of that porticn of the
data 1tam:

8. General Requirements -

5. Detatled Requirements -

(1) Relfability Organfzation - In addition to the guidance given in
this paragraph the following topfcs will be discussed:

5-5743--‘664 $/R.0108:319.4008 o arg 29, teese vese Ll 0 S _reem

[ 221134
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pI-R-2113

(a)

()
(c)

(d)
(e)

(1)

(g)
(n)
(1)
(1)
(k)

(1)

(m)
(n)

-«

(o)

(p)
(a)
(r)

Page 2 of §5 pages

1+, PESPARATION INSTRUCTIONS (Contimuce)

The organization of reliability effort within the
organization to achieve minimum requirements a¢
minimum cost and effort;

Controls required to implement these objectives;

Appropriate functions throughout organizatien
responsible for implementing its policy and procedures;

Systams for management follow-up and evaluation;
Identify key personnel by name and function and
submit resumes. List the staff adequate 2o impliement
program and what protion of time each will devote

to the program;

Caost management system within the reliadility
organization; .

Cost records (scrap, rework, testing, etc.);

Vendor selection and control including review and
approval of purchase specifications:

Means by which responsibility will be delegated;
System for design surveillance;

Relfability Group to be actively involved in program
scheduling; .

Point in the program when production department will
get involved in program;

Method for instituting corrective action;

Clearly defined reliability group inc1ud§ng authority
responsibilities, functions, policy and actions;

The autherity of the organfzation to enforce its
policies within the organization;

Relationship to other groups in the organization;
System of dwg review and approval;

Engineering design change review procedure;

© 140
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DI-R-2113
10. PRIPARATION INSTRUCTIONS (Continued)

(s) Methods of control of subcontractors and supplier;
(t) Means of indoctrinating and trafning all personnel
{production, purchasing, test, engineering, etc.) with
respect to any special policy and procedures required
for this specific program {n order to assure achieve-
mant of reliadility requirements.

(u) System, equipment and/or component burn-in program.
It is not intanded that all of the minute details of accounting procadures,
drawings control procedures, etc., be included in the reliability program
plan but encugh information shall be provided (such as document control

numbers, policy statement numbers or titles, etc.) for the procuring activity
to know where or who %o go to for further information {f desired.

(2) Haﬁagement Tasks - In regard to this paragraph of MIL-STD-78S
a task is defined as any element of work to be gerformed by the cgntractor

which is specified in the relfability program plan, equipment specification,
contract, or is fdentified by the contractor {n correspondence with the
procuring activi:x as a work effort which has to be performed.

(3) Reliability Interface Compatibility < The plan shall identify
and define interfaces between the Tability Program and the closaly related
programs or elements, such as:

(a) Maintainability Program;

(b) Intagrated Logistics Support;

(e} Personnel Subsysten/Muman Engineering/Safaty Program;
(d) Systems Enginesring;

(e) Sustems/Cost Effectiveness Analysis;

(f) DOesign Enginesring:

(g) Value Engineering;

(h) Data Collection and Analysis Procedures;

(1) Quality Control Program;

(§) Component Engineering.

(4) Subcontractor and Supplier Relfadility Programs - The relfability
program plan shall describe how the contraclar will menitor the efforts of

. subcontractors and suppliers and how definitive and cdjective criteria for

acceptance or rejection of suppliers products will be establiished and
invelved fn subcontracts and purchase specifications.

Page 3 of § pages
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10. PREPARATION INSTRUCTIONS CContinued)

(S) Program Review - The plan shall include provisions for
furnishing an agenda for the prograz review and shall be included in the
notification to the procuring activity.

{6) Design Techniques -

(7) Reliability Analysis = The program plan shall describe
how trade-offs are to be made among effectiveness, schedule, cost and other
resources and shall not be established unilaterally by the contractor if
the trade-offs would require that some of the eczipment/systems specifications
be cororomised. Any decision by the contractor shich would compromise
reliadility requirements would be considered a change in scope for the
reliability program and would have to be reflectad i: the reliability progras
plan and have the concurrence and approval of the contracting officer. The
data item description for reliability prediction reports shall be used for
these portions of this paragraph relating to reliagility predictions.

(8) Model Inputs -
(9) Functional Model -

(10) Relfability Aggortiomntgr_r‘_“. czion -

(11) Model Outputs -
(12) Mode! Updating - .

(13) Parts Reliability - Special wandor or {a-house component
tests andior screening procedures.

(14) Failure Mode and Effect Analrsis (FMEA) -

(1S) Reltability Critical Itams -

(16) Effects of Storage, Shelf-Yfe, Packaging, transportation,
handling, and Maintenance < .

. (17) Design Reviews
(18) Reliability Test Plang -

(19) . Develocpment Test:lng -

. (20) Relfability Demonstration - e following additional
topics shall be addressed undar this paragraphs

ta) Assessment of the cost of tasting with respect
the desgree of assurance to be attained;

b) Accumulation of other program test information and
their value in determining reliabilitys

Page & of 3 pages.
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DI-R-2113

10. PREPARATION INSTRUCTIONS {Continued)

(21) Fatlure Dacza Collection, Analysis and Corrective Action -

(22) Transition from Cevelooment -
w

(23) Reprocurement -

(24) Status Reports - The program plan shall address reliadility
status reports.

10.5 Naval Afir Systems Command tion: The content of this report shall be
in accordance with HIL-STD-!JOdZASS. The format of this report shall be in
accordance with MIL-STD-847. When changes are to be made %o the end {tem,

this report shall bde supplemented with revision material to reflect the change.
Revised material shall bear the Same page numbers as those pages which are

to be replaced, plus the word "revised* and the date of revisions. Additional
pages shall bear the same page numtar as the preceding page followed by a

Tower case letter unless the additional pages follow the last page of the
repart. Revised or added material shall include 3 revised title page indicating
the date of the revisicn. The revised title page shall contain the information
contained on the orfginal title page plus a revised fndex of revisions.

AL & GOVOMMINT FRINTING FTICL W73 7T 41213

Page 5 of § pages



FAAE-Z711 A

APPENDIX VI

DATA ITEm DESCRIPTION

t 190”1 ' CaTIOa wg 3.

L8Z WY o4 wyusle

‘o veresn

Procsdures, Reliability Tests

000 Dl-R-7035

& BCM G ?igar TuAPS IS

The reliabdility test procedures provide detail tachnical
directions for implementing the approved Relfanility Test
Plan. The procedures contain stap-Dy-step fnstructions

oY how the egquipnent {nvolved 1n the test, ¢.§., the units
under tast, the test chamiers, and the monitoring equip-
ment, will De utilized during the reliadility qualification
and acsadtance tests.

. aeRdvas Bare
21 Octozer 1977

PEF.CR OF SBuaBY
ALRPRAB BT

Navy

8¢ AL 0el

e —————————————
P AB®LI1C AT 18 PLUD R, 47 LHBRAS

Reliability Test Procedures are normally required for all
contracts which require relfadility or

production acceptance tests. Thesa oucuments are gener-
ally used by the procuring activity for review and
sppraoval of the contractor's procedures for conducting
reliadility tasts, and in the subsequent surveillance of
the tasts and evalvation of the resulzs.

This Cata Itam Description replaces UDI-R-20483,
UO1-R-20458, and UDL-T-23710 under MIL-STD-7818 of
15 Mavember 1967.

e —————————————————
6 0CFLO Eagdld (MINAN WP 4 LR A
Moot } O3

B AFPUDI G, WIWmT S PiGn

MIL-STD-781C

ot Sumet:ms

AMSC 22333

st ———
9 SOGP osartOn (80T 0UE TIONS

10.2 CONTENT

daviations).

numbder and time setar requirements.
e. Test equipment calibrations requirements.

the tast procedures are prepared).

a * prior to tast.

10.1 The tast procedures shall conform to the technical requirsments of MIL-STD-781¢
as specified by the Contract. The detail requirements for the content of reliadility
qualification and acceptance tast procedurss are listed delow.

a. A list and drief description of all units comprising the equipment and a
specific listing of thase units which will be placad on test and the up-
to-date configuration (drawing list including appreved changes, waivers and

. Test and monitoring quipmnt Lo de usad, including manufacturer and modal
d. Griphical prusentation of ths required thermal survey of the equipmant made

prior to start of testing, with narrative and analysis leading to estade
1ishment of monitared tsmperature stadilizaticn paints (if availadle when

o. Burn-in requiresents and environment 0 which equipment shall e expased

L R
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DI-R-7035 (Continued)

10. PREPARATION INSTRUCTION (Continued)

' f. The levels and tolerances for time, temperature and nther detatls
of the combined stress environmental cycle, fncluding the duty
cycle, moisture, vidbration stress and duration, and input voltage.

g. Allowable adjustments and normal checkout procedures for the equip-
ment under test. ’

h. Preventive maintenance measures to be performed during the test,
}: sugn maintenance 1s permitted by the detailed equipment speci-
cation.

t. Performance parametars to be measured, frequency of measurement,
method and under what environmental conditions.

"§. Performance parameter limits beyond which a failurs has occurred.
k. Failures classified as nonrelevant.

1. Data to be recorded during tasts and samples of report or log
forms to be used. (See 10.3)

8. Any computear softwire used in the test.
n. List of any Government Furnished Equipment %o be used during test.

0. Action to be taken if a reject decision s reached, including
corrective action plan and retest provisions.

p. Whether tasting will te continuous or fntarrupted by work shifts.

q. Iatnr:nnnocting cable diagrams of complete tast set-up fncluding
equipment undar test and test monitoring equipment.

10.3 Test Records. The tast records described in the following paragraphs
shall Be used to prepare data resulting from rel{ability tests. Egquivalent
contractor data record formats are” acceptable, when approved by the pro-
curing activity.

10.3.7 Test Log and Data Record. The tast log and data record 1s a completa
record of required tast data for each unit under test and shall be main-
§aincd throughout the tast. Figure 1 may be used as a guide for the tast

0¢ sheet.

10.3.2 Eguipment Fajlure Record. The failure record for each equipment

is designed to permit keeping of the entire test history of each tastad

;quipmnnt on a single shest. The failure record may be organizad as in
jgure 2. :

Page 2 of 11 Pages
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DI-R-7035 (Continued)
10.. PREPARATION INSTRUCTIONS (Continued)
10.3.3 Failure Surmary Record. The failure surmary record is intended to

contain ail the information needed to reach an accept/reject decision on
the test sample. The failure summary record may be organized as in Figure 3.

10.3.4 Failure Taq. Figure & is a sample of the failure tag that is re-
quired for each failed unit.

10.3.5 Failyre Report. 0ata for each equipment failure, failure analysis,
and corrective action shall be recorded on repert forms similar to the
examples of Figure 5, Sheets 1 through 4.

Page 3 of 11 Pages
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D1-R-7035 (Continued)
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D1-R-7035 (Continued)

TYPE TEST TEST POSIT] O
LQUIPKENT TYPE ' DATE TEST INITIATED

Ut SERIAL K.

REMOVAL FC2 REPAIR IRFTUAER
o &;&m r___s;—rhr‘h'n AT |RETIR oeseast A Thir
MO, REPSAT (TIME/OATE |meyre . [TIME/ R LoinG IPTION OF FAILURE | INITIALS

FIGURE 2. SAMPLE EQUIPMENT FAILURE RECORD

Page 5 of 11 Pages
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DI-R-7035 (Continyeg)

FAILURE SUMMARY RECORD

LT TYPL.

EQUIPMENT TTIPL

OATL TEST INITIATED

TATCGRL | ONIT TR IT.
oaTg | MEPORT | SERIAL| TIME weTER
. M. | READING

escatrTion |l TATUS = 1L Ui
REsCRIP lcwnvt CUMATIVE
OF FAILURE  leariumes | TesT wours| wrar

TECH
INITIALS

FIGRE 3,

Page § of 11 Pages

SAMPLE FAILURE SUMMARY RECORD
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0I-R-7035 (Continued)

REPAIR(S) PERFORMED:

FRONT
j
/ FAILURE TAG
. OATE TEST TITLE

@ EQUIPMENT TYPE SERIAL NO, =

FAILURE

BATA SHEET PAGE NO. LINE NO____
\ FAILURE REPORT NO(S) ASSIGNED .
_a )

\m&m CORFIRMATION (SIGMATURE) — )

BACR

FIGURE 4. SAMPLE FAILURE TAG

Page 7 of 11 Pages

150



FAAE-Z711 A

BI-R-7035 (Continued)

(v 40 1 1330S} 140438 NIV IIMVS °S Jw0LJ

NLYVKIIS VOLVIO 1SIL

13un1EVS 12308NS NLIR ATSNOINVAITHIS GIAVISE0 STtV *41nby vINo

i

tQ3uinb3e Inmisncoy

SSHOLAAS JunTive

t41nd3 1531 20 HOIAVIEILLND0L

1 SNOTLIONTD TYANDOWEAND ONY 1S3

IMININ IS - AL IS
*ON 190438 MEL 1S3L £1n WIO0R
MmiL 3lve ‘on wis ININOSH0)
‘oM 1uvd ATeHIssyns ATMISSY WI1SAS
. POIIVILANINIOL JeAivS
v 1uvd

*ON 130408 JuNTIVY

Page 8 of 11 Pages



FAAE-Z711 A

D1-R-7035 (Continued)

(v 20 Z 133uS) 1¥04I¥ NIIVI Vs S N9l

puno)

1Y) NI SIN) IV B4NL(E) O J0) wa0) sjyy je Kdos ssp

panqyv) o wey) 3108 3§ )

S ] |

‘ON JWVd —— OM NOLLVNOISIO “438 "HINDS " 1¥¥4 1M

o r————————t——— e

e —o—————————

L] k
1o_J1ve

JUNViVS 1¥ve 1UsSIN8YISI © o WIiEs
e L L

03sn Jinb] 1331

NIV 2¥Vd YOS ROSVIY

——31¥0438 SHIISAS 0 NHOLIVIN13N0D

—

I [ 1 N4 ‘O VIV¥IS

WIS |

IMINISIN 430 -

441 1SR

e 1OV WILM INIL

—ee . INNOSNIS WIVENY

NOLAHAS JwnTIvY

ML 31V ‘on WIS

— N e ATeMISSYVENS ...l.||||...|||3!.=n<

9 1H4vd
*ON 1¥0d3M NNV

.—:u..agu
s

WiV430 ONV NOLLVIELINDD enTIVE

Page 9 of 11 Pages

152



FAAE-Z711 A

Dl-R-7035 (Continued)

(v 30 € 12MS) JU0dI¥ JNTIVE IIMYS °S JwILd

i

oNITIvE SIVVd

SAUNTIVA LNZONZS2GIT 40 WOJRVILS1INIGE

SV IWILTH 40 ISVD

i i

—— JJNOSUN WIVENY
‘oM AVO4I¥ IMINIIN
‘on 1wvd

J 1¥vd
*ON 1¥0d¥ NNV

omINIvS Siuvd
SIVATIVA INZGNIAZA MOLLVILSLINIGN
IV 19V JUILTH

ONIOVIE VILM MIL AL 1301
‘ON WIS ANINOMO)
ATMISSYNS ATMISSY WILSAS

BIV4TY ONY NOLAVUL N0 T IVS

Page 10 of 11 Pages

153



FAAE-Z711 A

-7035 (Continued)

-R

01

e ———————————————"

(¥ 30 ¥ 1331S) 1u0d3¥ JNUVS 1NAVS S WL

YIINIONT ALINOVITN 3801VNOIS R3IANN

nmun Jen1WHOlS ‘on “w3s il 31V0 3A1123343
WOLAVINIMIIH] NOLLDY INLIANNOD

—N0113V 3AI1IIVE0D ¥OI SHOL1VONTHHODTY

SISATVNY 21530

SISATVNY ININOHOD

IMINIS ASIL 341 1831
‘on WiNIg ————1NINOHOI

‘on Lwodly —— v

e M IV — ATIHISSVENS ek L WHISSY —WI1SAS

10112V 3A11I3H40D

0 1uvd ONV SISATVNY JUnIve

*ON 130434 34NV

2 U & GOVERNMENT pRINTING CFTCEs 1977.703. 122/758

Page 11 of 11 Pages



FAAE-Z711 A

APPENDIX IX
DATA ITEM DESCRIPTION 2 1OERTIFICATION BOIB)
AGENCY YY)
s "i*ué
NAV- o
PLAN, MAINTAINABILITY PROGRAM SHIPS UDI-R-233358

s OLiCmsT A susrest 4 apOmeve. Barl

This document serves as tasic documeatation of the cos= | 72 APRIL 01

tractor's planaing of the Maintainability Program to be T sreicti o saraiy

SEIPARBWORLITY

coanducted for the applicable coatract items. The plan is SHIPS 0128
used by the procuring activity for initial review and

s 90¢ agouIinge

approval of the coatractor's Maintainability Program and
as the basis for moaitoriag aad evaluating the coatractor's

ecoanduct of the program. S aresetiL wmTitien
0016t Sa et CABLy AT IGEIMS
This Data Item Descripdon {s applicable to

contracts duriag coatract defiaitioa and acquisition

phases and equipment contracts whea coatrac’ g =
tors are 1 conduct maintainability programs {a sccord- MIL-STD=470
ance with MIL-STD=-470. It may be combined with the MIL-STD=471
Plan, Reliability Program, whea considered MIL-STD-721

appropriate by the procurisg activity. The plan is obtalu=| M7..M-24365
ed either précoatractually (during the RFP/IFB phase) or
as a product of the deflaition pbase and updated duriag the
acquisition phise, or prior to the production phasas.

NOTE: Cousult Alphabetical Index for the DID asumber wei mmesn®
of the above citad title.

w OSagsasert e ind? Awd TIane

1. The coatractor shall prepare & wriltea plan of his proposed Maisctainability
Program. The plaa shall be either s detailed pefizement and expacsion of a Mala-
tainability Program informatioa provided in the original coatract proposal, ora
complete document when taitially developed under the coatract. It shall’{ncorporate
any cbanges to the original proposal growiag out of contract gegotiatiocs and/or wark
accomplisbed during previous phases of the program.

a. When s prior Malstafeability Program Plan has beea proposed and approved
by the procurisg activity, or other activity of the Naval Material Command the
specific requirements of this Data [tam Description may be satisfled by supplement-
ing the prior plaa. The complete plan shall be submitted as directed.

b. Revisioos shall {ncorporats changes, additions, or deletioas which have
evolved duriag coaduct of the program siace the previous {ssus of the plan.

e. I the total progran life cycle of the contract {tem axteads beyoad the {mmed-
{ats contract pariod, the Program Plan shall provide the coatractor’'s projectad coa~
cept of the program which would be applicable {n subssqueat periods of the total life
cycle. In these cases the plaa shall clearly {deatlly those actions which are t0 be
conductad within the immediate coatract period.

2. The Maintainability Program shall contaia fully descriptive plasning for the
accomplishmeat of each Malatainability Program sk specified by the coatract

T e o et g M b a e deand

DO =*.1664 | el e ) _ram

155



FAAE-Z711 A

DATA SET COXTINUATICN SREET

nTLe ' ComTRQ, M.

PLAN, MAINTAINABLLITY PROGRAM

work statement aad other applicable terms of the contract. The plan ahall provide
a cross-index, {3 accordance with the following outline, which sbows the relation-
ships between program tasks aad (1) applicable specifications or stacdards citad by
tie contract work sutsmest, {2) other refersoce Soéumests, aad (3) sontractor
policies aad standards:

Format for Program Plas Cross=Iodex
Reference Applicable Task Otbar Company Estimated
Pamgrnaph of or Paragraph Ne. Refereace Policiss, Manloading
Applicable of Prograx Plas Documents  Procedures forlst
Maintaingbility & Cootrcls  Mosth

Specification

3. The plas shall also identify and define:

s. The work to be gccomplished for each applicable specification in hlock 9 as
required by the Coatract Work Statemeat or Contract Data Requirements ust
(DD Form 1423).

b. The time phasing acd manlosding invoived.

c. Tba coatracior organizationsl element sssigned Tesponsibility and authority
for implementing the Maintaicability Program.

4. Lines of commuaication between the cootractor organizations] element re=
spocsible for implemeating the program sad other coatracior interfacing organiza-~
tional elements. <

e. Appropriats cusiomer-coniracior progralm milestooe review points.

£, Method of coatrol over subcoatractor and veader Maiatainability Programs.

g. Tha purposs and expectad results of each task sad the planped methods for
monitoring, sssessiag, reportiag, and takiog appropriste action regurdiag the status,
accomplishments, and problems.

h. SpeciSc tachaiques for allocating quanutative requirements to lower leval
fuoctional elemests of the system (subsystam, assembly, or compoaects).

L. Specific techaiques for maintainability predictions.

§. Proposed methods for demonstrating the achisvement of quantitative main-
taizability requirements.

4. Tbe plan shall {deatify aad define loterfaces between the Maintainability Program
aod closaly relatad programs or sfforts such as: :

. Llogistic support evaluatioas:
(1) Maiatecsaoce requirements analyses.
(2) Maiatecance task scalyses.
@) Tool and tast equipmest detarminstions, to {nclude calibraticn.squipment
and calibratica requirements.
(4) Manpower, training, aad siill requirements determinatioa.

RAVLOP FORN o 4 (l=dB pasct 2 OF I rasls



FAAE-Z711 A

BATA SET CONTIXUATIOR SHEET

TITLE

PLAN, MADNTAINABILITY PROGRAM

COmTROL ™0
UDI-R-23553

manuals, ete, )

rEee

1.

Specifications/Standards cited above arve those {n effect on the data of the RFP,
RFQ, IFB, are appiicable, unless otherwise specified by the coatract.

(5) Maintecance Information systems; {.e., technical data, traiaing

(6) Support equipment/facilities determination.

Reliability Program.

Persoanel Subsystem/Humaa Eaglaeering/Safety Progranm.
Systems eagineering,

Systems/cost effectivesess analysis.

System Life Cycle cost analysis.

Design englneering.

Value engineering.
Data collection and analysis procedures,

Quality coatrol program

BAVHGED Sfitng ayvs . N, an J\GrY 083 P
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APPENDIX X
u‘?‘ 'Tu DlxllPTﬂN . . td BRI EICA TIO® Bl Y,
—r aGfulCy Susela
NAV- | uDI-R-23564
PLAN MAINTAMNNABILITY DEMONSTRATION SHIPS i
? OLCmer.ga S asnt s T eneens . Bt
This document is used for review, approval and subsequent 73 APRIL 01
surveillance and evaluation of the contractor's program for|° scwoiea e
conducting maintainability tests and demonstrations and SHIPS 012S

" assessing maintainability of the system, subsystem, equip-
ment. and its constituent components based on results of
these and other tests.

¢ S8t sqawmade

¢ ADPOAGva, LvimTaTiOn

T APOLIR AT CGn mTYERSC, 27 1SN IMnS

This Data Item Description is applicable for all contracts
which require the demonstration of achievement of main-

tainability requirements. The following portions of this | Ssia™ ® &= ===
plan must be resolved during contract negotiations and

form part of the contract: 2a(2), 2a(S). 2a(6), 2a(8), 2a(9), :gt:gg:;g
2e(1).2¢(3), 2e(4), 2¢(3), and 2e(6). This Data Item Des= | 0’ 1\ o agn

cription may be combined with the Reliability Test and

Democastration Plan. iato a Reliability and Maintain-

abiliny Demonsiratica Plan when considered appropriate

by the procuring aetivity.

NOTE: Consult the SADL Alphabetical Index for the e Sumegme
corresponding DID number of the above cited title.

W ONES LPLT7IBN s T RWE TIONS

1. The coatractor shall prepare a plan in accordance with the spplicable specifica-

tion in Block 9 as required by the Contract Work Statement to demonstrate achieve-

ment of contractually specified maintainability requirements.

2. The initial plan shall be s detailed refinement and expansion of the main-
tainability demonstration section of the Maintainability Program Plan when applic-
able. Revisions or changes shall be submitted as required to update the plan.

b. The plan also shall jdentify all cther tests and efforts from which maintain-
ab{lity evaluation data are expected as a by-product. For esch such test, the plan
shall contain the information cited, insofar as pertinent to maistainability evaluation.

2. The plaa shall {oclude the sections listed below as a minimum, or a8 specified on
the DD Form 1423.
s. Demonstration Conditions. A description of:

(1) Types and estimated quantities of equipment used and data expected from

the test.
(2) Methods and criteria of data recording and analysis, including criteria
for classifying the results with respect to success, failure, and degree of relevancy
to maiatainability assessment.
@3) Ganeral plan of action to be taken with regard to test faflures,

D .1‘221.1664 sear _1__ 00_3__-“‘.
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DATA SET CONTINUATION SHEET

TITLE COnTEG,
UDI=-R-243u4

PLAN. MAINTAINABILITY DEMANSTRATION

(4) Mwthod of reporting results of the tests, including format of the
tes: report.

(3) 1 rincipal conditions of the test or demoastration such as personnel
skill levels and Guipment involved and their relation to corresponding conditions
expected in nltir 2e use and maintenance of the coatract itemas.

{6) Quartitative maintainability requirements.

(7Y Maintenance concept.

{8) Maimenance demonstration environment.

{9) Laevels of maintenance to be demonstrated.

(10) Demonstration sites.

Ay Facility requirements.

12y Participating sgencies.

(13) Mode of operazion for the demonstration test, including configuration

and mission regquirements.
(14) Items to be demonstrated.
b. Demonstration Test Team. A description of:

() Organizatiom., .

(2) Degree of contractor and procuring activity participation, {ncluding:
(a) Managerial and tachnical personnel.
() Maintenance and cperating persoannel.

(3) Assignment of specific responsibilities.

{(4) Qualifications. quantity, sources, training, and {adoctrinstion
requirements for the test team perscanel.

e. Demonstration Sucvort Material. A descriptios of:

(1) Support equipment.

(2) Taest facilities, tools, snd test squipment, including calibration support
requirements.

3) Technical publicztions.

(4) Spares and consumables.

(S) Safety equipment.

d. Pre-demonstration Phase. A description of the schedule to provide for:

(1) Organization and assembly of the demonstration tast tsam.

(2) Training of perscasel.

. (3) Preparmicn of facility and preliminary validation of demonstrstion
support maserial.

(4) Availability, assembly, checkowt, aad preliminary validstion of
demonstration support material.

" @« Formal Demenstration Phase. A description of:

(1) Test objectives.

(2) Schedule of tasts.

(3) Task selection method,

(4) Test mathod.

(S} Data acquisition method.

(8) Analyticsl methods and calculation procedures.

{« Specific data elements.

NAYLRP FORE «T00 ¢ /ladld PaGE 3 OF 3 Pl
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DATA SET CONTINUATION SHEET

TiTLE

PLAN MANTAINABILIT: DEMONSTRATION

COnTACA NG
UDI-R-23564

3.

Specificazicns /Standass cited sbove are thos~ ssues ia effect on the date of
the RFP, RFQ, or IFB. as applicable. unless stharaisc specified by the contract.

-

f.
damcastrazioas to investigate deficiencics or trouhle aress. An equipment which

bas failed to meot the aceeptance criteria and has been reworked shall be related
dusing this Phuse.

(8) Time units of measurements,

! Type and schedule cf reports.

(10 Description and scheaule of preventive mainteaancs.

Retest Prase. A provisional schedule {or special sr repest tests or

[P
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. APPENDIX XI
RELIABILITY AND MAINTAINABILITY SUPPORT CHARACTERISTICS

(MOTE: 7his appendix shall suppert and enhance MIL~-STD-721C and ATL-STD-7&1C,.

1.0 TATLURE DEFINITIONS

‘&. Failure. The inability of an itaa to perfora withia 1£=its specified ia the
specification.

Jhanever any of the performace characterfstics ars outside of requirezents
of the specification at any specified enviromsental condition, at least
one failure has occurred.

b. Tailure Analvsis. The logicsl, systezmatic examingtion of an item or {23
Teliability model to ideacily and analyze the prodabdility, causes and
consequences of potantial failures. :

€. TYailure, Dependent. A failuce of a part vhich {5 g direct result of an
Independent failute——one which is caused by the failure of an associated
part. Dependent failure are not necessarily present vhen sizultaneous
failuzes occur.

d. Yailure, independent. A failure which will {adependently cause equipmens
periormance cutside of specified 1imits—one which occurs witheut being
ralated to the failure of associated {tams.

- @« TFailure Randem. Any failure vhose occurrencs is specifically uapredictadle

Put stacistical predicsabla.

£. Yailure Ratse. The number of failures of au item per unit measurs
of lifse cycla, tine, -ilcs, events, atc., as applicadble for the ita=z.

8- Yattern Failure. Tha occurrence of two (2) or more failurss of the saze
part in Identical or equivalent spplication vhose cozbined failure rate
exceeds that predicted. When two (2) or more dependent failures of the
sama patt occur vhose combined failure rats exceeds the dependent failures
ara relevant pattarn failurss.

2.0 TAILURE DEFINITION.

The criteria specified herein for the determisation of a failure shall be {a
8ddition and enhancesent to the definition of failure as givea ia MIL-STD=721C,
and any definition givem ia any applicable reliability tast specificacion or standard.

2.1 FATLURE CLASSIFICATION

All failuras occurriag during reliab{Ility tests, ineluding failures occurrisg |

during the equipment bura~ia under the environmencal conditions specified for the
veliadbilicy tests, shall de classified and reported as eitder relevant or noanrslevant.
Only those failures classified relavant shall be used ia computing equipment MITBP

oT for making an sccspt/reject decision.

161



FAAE-Z711 A

2.1.1

RELEVANT FAILURES

All ‘failures XTe’ Televant gnless ‘othervise ‘detarmined by ‘the Govermsemt. Ralevant
failures include:

5.

L.

2.1.1

Desizn/Work=aaship Failures: Failures due to design deficiencies or
poor workzanship of either the equipment or compenent parts shall de
elassified Telavant.

Component Part Failures: Failures due to defective component parts shall
Pe classiiied as televant failures. In the event that sevarzal component
parts of the same type £ail during the tests, each shall beconsidared &
separats relevant failure, unless it can be shown that oue failure caused
one or more of the others (see MIL-5TD-78!C, Dependent Tailures io
paragraph l.a above).

Wearout Parts: Csrtaia pirts of known limited 1ife, such as batteries,
zay have a life stipulated prior to the initiation of testing as approved
by tha Governzent. Failures of .these parts occurring prior to the and of
the stipulated period are relevant. Tailures of these parts occuring
after the stipulated period ars oonrelevant, dut any dependent failuzes
caused theredy ars telavant.

Multiple Failurss:: In the eveat sisultaneous part failures occur, each
failed part which would independently prevent satisfactory squipmant
perforzance shall be counted 23 & relevant failure except as follows:

I# the contrictor and the Goverrnnment agrse that the failure of one part vas
entirely responsible for the failure of any other part, then each such
dependent part failuTe shall not ba counted for a relevant fsilure. At

least one equipment relevant failure shall be counted vhen a dependent failurs

is claimed.

Intermittent Failures: The first occurrencs of an intermittent failure

on any one equipdent shall be counted as & relevant failures. Subsequent
occurrences of the same {ntaraittency oz the same unit will be considared
nonreslevant. Hovever, no parts shall be shipped for which an intermittent
£ailure remains uaresolved, without specified approval of the Government.

Ad justzents:

1. Accessibls Controls - Zach adjustment of a coatrol vhich is accsssible
to the operator during norzal use is a relevant failure.

2. TInaccessible Controls - Each adjustaent of a control wvhich is inaccessible

' to the operator duriag normal use {s & relavant failure unless a period
of operating (dot standby) tice has elapsed, since the last ad justoent

of any inaccessible contzol om than equipment, vhich {s equal to or greater

* than the pexiod specified for the equipment "opc?:tionll stability."”

NONRELEVANT FAILURES.

Although nonrelevant failures are dot used for MIBF cslculations, all f£a2ilures shall
be recordad and reportsd. Thase failures 1isted Below may be counted as nonrelevast:

a. TFailuras diresccly sttributable to izproper {nstallation {n the tast chazber.

». TFailurss of test {sstrumentation or monitorisg squipment.

2
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d.

h.

i.

k.

Fasilures resulting from test operator error iz setting up, or
in testing the equipzent.

Dependent failures, unless caused by degradation of itezs of knowvn
limitad 1ifs,. (At least one televaat failure shall be counted vhen
s dependent failure is claizmed.)

Failures attributable o an error in the test procedures.

The second (and any subsaquent) occurrences of the saze intermittent
£ailuze on the saze unit.

Failuras occurring during burnein, trouble-shooting, repair verificationm,
or sat-up tims.

Malfunctions of the Time Totalizing Meters or certain lighting ecircuit
failures, vhea the approved tast procedures specifically designate thea
as nouzelevant. :

FTailures clearly attributadlé to an overstress condition caused by
exposura to uncontrolled eéxtsrnal forces in excess of the design
requirsments.

Adjuscadnts:

1. Accassidle Controls = Adjustméats of controls which are accessible So
" the operator during normal use shall be counted as nonrslevant failurss
provided the adjustament is accomplished without refssence co test agquipzent,
meters, indicators, ete., vhich ars not & functional part of the
squipment under test.

2. Tnaccessible Controls = Control vhich are sot accessible to the operator
during noraml use ate nontelevant failurzes provided no such adjustments
have been made to the unit under tast for a period of operating tize
at least equal to that specified for the subsystem "operational
‘scabilicy.”

‘Other, as explicitly defined id the aspproved tdst procedurss.

2.1.3 RECTASSIFICATION

A failure, classified as relevint, may de reclassified to monrelevant provided
" that all of the folloving conditions ars met:

b.

Corrsctive icticn (an equipmént design, part or production process
changed) has deen made iz accordancs vwith the applicable celiabilicy

* test specification or ‘standard om all equipment of the Iot from which the

reliability tesg sacmple vas dravm, and;

sSufficiest tast data has been accumulatad %o indicats the corTective
sction i{s effsctive in eliminating the failurse mode, and;

c. Approval of the Governoent is cbtainad for ceclassification of the failurs.

3
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APPENDIX X1
DATA ITEM DESCRIPTION 10EaTICATION S
AGENRSY LT 114 ]
1 PILE
Ioplementaticn Test Procedures (Electromic Syatens) USAF pg-T-3737
- DEICMOTION PUNSOIS & APPROVaA, BavE

Thts Data Iten Description provides the procedures to be used 18 Mav 1977
in the testing of successive operating sites of multisite SPTIEE 87 STt ‘

systems to ensure that these sites, individually and severally AFSCITE
mupﬂsotnmtauuaﬁmcdthmm
seats of the system performance specifisatlon. s 506 ssewints

T rETY TN, a4

5. APPAGY AL Lile? [Sel ]

T AP BLICATHN inPEARCL, AT IGN NS

Partains to real-tine funciicnal tests performed at a system
level, subsequently %o site {nstallation and checiout, Sites
pertaining ave gou <astallations, airborne vehicles, space ¢ SSTERSRERs (madeiary oo sired i
platforms, or tacht: - ecplacements, whersver they collective-

1y ccmprise a systis . ™ N=l=8

AFR 80=1L

e NUMSERIS

. SACH ARATIO™ 187 AVUE TIONe

a. Gemerl -

(1) A digest descripticn of the cversll system, its wlasiom, functions, md 42
applicable, & large~scale map indicating site locations, intercomnecting links, ad e
pmnlhlockdnpuctunmderdmta of ths systes.

(2) Deseripticn of recognisable subsystems, including accepted titles and/or code
names for these subsystemse The subsystems should include all the equipment and coow
mcmmmdmmuwummomm«mom

(3) Security guridelines abstracted Irca applicable documentss
be Scgpe of Testing:

(1) Describe the specific test configuration at esch site and the nature od axtent
of testing ;ﬁntﬁ/.cipttod. Include requirements for testing computer progracs applicable
o the mis configuration of sach sitse

(2) List related tests, and pretest requicenents or conditions, including a 14t of
a1l subsysten test and sequance of tasting.

(3) Llist sy special tests, such as for computer program site adaptation, imterZer
ence, etcey that zay be Tequired for each sitee

L_ L
DD -53:‘..1664 raes 2 w3 _reass
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‘DI-T=3737 (Continued
Preparation Instructions (Continued)

ce Obiectives of Testings

(1) Identify specific test objectives in terms of measurable or
altainable fmctions, parameters, and performance requirements, (Informaticn
Tequired in this secticn may be published as sppendixas or additional volumes).

(2) Describe any cperational conditions or limitations which may
restrict attaining any of the previcus objeciives included in the preceding

paragraphe

(3) Describe the general cperational conditions of the equimment
gowp(s) and computer program status necsssary to attain each objective,

de Irocedupess

(1) Outline the basic test methods which will be used to achieve the
specified tast objectives and indicate responsibility for test directionm,
operation, and observation.

(2) Specify the cperstional status of intercommecting systems/subsysiens
which are required befors each of ths tests can begin. For tests invelving
coaputer programs, include identificatlon of simulation u:d./or data genera-
tion vehicles o be used, . )

(3) For measures of performance.

(a) Identify and describe all performance measures (instruments)
widch are required to satisfy the objectives, Include measuring teciniques
and the mumber of measurements %0 bDe zDade, and explain how wcontiolled
parmeters or cperator effects can be treated,

(b) Llist the acceptable limits (figures of merit) for esch
4xstrment specifleds

oe Support Requirements, Indicats detailed test support requirements, -
inelnding aircraft, operators, cbservers, data reduction/analysis programs,
sizmlation inputs, data recording devices, test equipment list, and
instrmentation pl'..ln lagoute

2o Documerrtation of Test Procedunes. Specify requirements and procedures
for preparing, reviewing, and, if necessary, revising docmentation of
specific test procedures, .

ge Interface with Tectmical Approval Demonstimtion (TAD)e Outline the
relationship between the irplamentation test program and the demonstraticon

s of the TADe Identify all tests ta be conducted for the TAD
team and indicate who will perform thesee

Page 2 0f 3
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D:-T-3737 (Continued)
preparation Instructions (Continued).

he Method. The contractor shall prepare a document which will contain
igplementation test pethods that provide step-by-siep instructions which
will sllow an engineer or technicisn who 4s familiar with the equipment
and/or system/subsystem involved to perforn each test without recourse
to any other document. It should include:

(1) A deseription and purpose of each test, referesncing the applicable
Implementation Test Flan objective.

(2) Test team or other personnel requirements, their positions, and
duties.

‘(:2 t:a 1%:::2 minimom support equipment and services required %o

(L) A listing of supporting tasts which must be completed prior to
starting the specific tests at hande

(5) References to documents, tectnical orders, and operating and
maintenance handbooks with which the test personnel should be Lapiliar
before undertaiing the tests.

. (&) Ancillary requirements, such as comrumications, data links, and
temporary electrical and electronic services.

(8) Recording requirements, procedures, and samples of the standard
ndspechlnponinsfomstoboused. :

(9) Pretest acticns within a system/subsysten and between subsystems;
SeZey commmication checks between the test director and observers,
ehgc!dnsmmdeotdauﬂ.ov, otece

(10) A sequentisl step-ty-step set of instructions and criteria with
te block diagrams for each tast specified in the Ioplementation
Test Flan, Appropriate instyuctions should de given for any alternativese
¥hen appropriate, include #Cauticn notes" and "Results Requized” before
proceeding with the next taxte A complete 14sting of each instrusent,
with its associated tolerance 1imits for each objective identified in

the test plan, will also be included,

(11) mammukgatmmdo:umm-ﬂ;mum
mquipmtorm/mqmuw:nmmmlapmmgmﬁtm

#08 COVEANNENT PRINTING OPFICE: 1977=100-132/6380
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APPENDIX XII

-
DTS

DATA ITEM DESCRIPTION i ___ocamncanos T
28ENCY symacs
PROCEDURES, TEST NAVY=SZ | UDI-T-2371323

FBL D V1@ Oy as9 st & aPOaPV e, Barg N
This daca {Zes {s used to dercride a conctractor's test - Z.‘..?ft..z.z...... -'

procedure and how he intsads to detaraine compliance with REssensMLITY :
specificaticn raquiresents. SEA 981} :
s 98¢ staviecy <=
j
- APOBYTAL LT ATIOS ]

7. aPOGISATHN IBTLASE, ST IQNOMD

Applicaticn vill be as specified by the contract daca
requirements lisc. This iten may be usad vheaever tasts

ars rTequired.

Soad 189

e ———— s e————
0 0¢rENCud S GNP aEWY 00 Ml @

. S
M AP 4847I0N im0 T Sug VIONS

10.1 The test procedures .-mx be typed in countractor or commarcial format om

‘”w shaeta.

10.2 The tast procedures shall cover {n detail the plan and procedures for ac..a.liv.
sent of the tests specified in the cuatract schedule and specificacinsas refetancas
therein or ia Block 1§ of the DO Porm 1423, Contract Data Raquirements Lisz, da-.
{tem Tequiriag thess procedurss and shall specifically cover ov contaln the f2llitirg

a8 applicadls:

a. 7Title
b Index

e. ldentificacion of itam daing testad (sarial aumber)

d. ldentification mumber of tast procadurs
e. Sardvars coufiguration

£. . Tast pracequisitss

g- Rapor:t fora

h. uu.. tise and duratios of tast

1. Proposed tast(s)

3. Precperacicnal checklist

k. The purpose of the tesc(a)

PRI e~ e

Crotem -

s s P ® @ v Cava

DS 1664 1-oren-ot-seee
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UD1-T-237328

PROCEDURES, TEST (Con..nued)

1.

B,

bb.
ee.
dd.

Description of tast

The specificatiocs pa:a;raph(s) to which the cest(s) will prove
cospliance. .

Detailed step-by=ste? procedure (zay de referenced to tast aumber
and test eicle in Govarnsent docuzents)

Test schedule (operating profile, setpoints, stabilization tiae,
data points)

The test aguipment ueilized.

Approvals, authorities sad responsibilitias

Skgtches OT photugrtphn of Sast set=up

Tacilities required for tast

Tast eguipsent rtquircncni (aajor and special)

Methods of seasureant(s)

Logistics squipment requiressnts (spaze test hatrdvare)

Method of control of tub-coa:ractor'o efforts and thelr procsdures.
Applied {pscrumentatiocs and data recording squipaeat

Data sheets (vhea gequired bY & tpceiiicneiau) gor which the zesults
aze. able to be ecorralatsd to the itea gasted.

Types of data to be gecorded (pazasetsrs, Tanges, accuraciss, tYPe
readout, and stntzticn)

Rasults (comparisce of tast dats t2 scceptancs stasdard)

Accept/zajest ericaria for tast acceptancs.

Personntl requiced

Special fascurcs requiresents

Referenc~s tO specs, staadacds, tech manusls, other test procadures
and reports, chacge orders, notices, aod other refsrences aot specific

.

to the ¢ st but {acluded for {nfornation only.

1a addition t€ che requiremect?s of paragraph 10.2, the producticn tast
edures Biee. SOVET clcanin;lrtfurbtshin; of tast equipment and, &£ spplicable,
gzelarionship gor and during availability tesct(8)-

pae= 2 of 2 Pages
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DATA ITEM DESCRIPTION

WeuniCaNos wd' b

AgGLuwyY

aywete

rtud

RIPORT, ACCEPTANCE TIST

MAVY-LIC

UBL-T-22741A

0E 8 Do 1100 Syuarasl ry

This report provides verification data that the equipment, !

P Oaay by So78

JuL 76

systen, subsystem, of assemtly has passed all the required
scceptance tasts vhich demonsttete and verify chat tha
equipment, system, subsystam ot aaembly has set or

¢ 990 (L OF POwmah?
(TS 2T 1 11000

NAVELEX 52024A

exceeded the performancs specification.

4 OOE 2EOwatd

I er it at nr 1n 7408 L, 47100 Ione

This report is applicable to all contracts vhere 8 con-
gractor delivers and installs eguipment, systems, sub-

POSPv L LT A tiOw

systess or sssemblies and (s used to record fisal ‘

accupgance tast resules as sccepted by the government.

PLP IS LUl L) (Ans aniary &n Svéus =
L]

HE, SYNeE NS

FTTT Y T34, g * Bug T roume

10.1 The Contractor shall prepare: teport/repores shovwing cowp
tests pezformad to dermnstrace that the squipment, systesm,
pecfarse its design fumctfion as required by the specificaciom,
work spplicable te the equipment, systss, subsystams, or assemd
be prepared in the Contractar’'s forazat.

16.2 The Comtractor’s regort shal’ Be
white paper, secursly stapled on the laft marg
not limited to, the fallowiag:

in. The Repert

Contraczor’s aame and address
Contract susher

..
».

e. Dats of report
d. Ticls
e. Serial ausher of rspore
f. Pariod coversd by tast Tepott
g» DOaseription of probles areas encountared,
tf say, for subsequent solutiom therets.
B. Results obctained related to previously idencifisd prod
4., Summary of Ingineering Oharge Proposals (ECP) status,

and those {mplemented.
talephon

tiom of those propesed, those aspproved,
j. Name of petsoa(s) preparing report, includiag
k. Specific tdentificatica of equipment, systas,
coversd by this repeors.

subsystes ov assesbly

typevritten on approximacely 8 X 10 /2"

étlscrepanciss md recommendations,

subsystam or assemblias

letion snd resules of

exhibit/scacament of
iy. The report shall

shall inmclude, dut is

lem avsass.
including tdentifica-

e aumber.

$/Me 0102819 4000
s Joe o .

DI 166.
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SERPENT CONNECTOR CHARACTERISTICS

FAA EXTERNAL CABLE“CONNECTIONS

This section describes the IBM sarpent connector and its assambly to
ceoaxial or twisted pair cables. Any changes to the conector assem=
blies will be brought immediately to the attantion of the TAA.
dimensicns shown in the accompanying fiqures arse nominal values for
refezence purposes only. .

Ceneral Descriptien

gxternal ecables will consist of coaxial or tvisted pair cadles,
terminazed at the ends sngaging IBM egquipment with “serpent con-
pectors.® (The serpent connestor is an IB8Y lesign which serves to
{ntezcface IMM egquipment.) 3INhe cabls ends engaging the attached
devices will be terminated by connectors specified bY the using
agency. T

Manufacturing Facilities gor°Cable Assemblies

tisted below are cable manufacturers preseatly kaswn to have equip~
ment an experience in nsncmhlinznfac serpent connectss. 7These manu=
facturers 8lso are experienced working with the other genesal
types of connectars.

Robinson Techaical Products
3421 014 Vestal Road
Vestal, New Yozrk

Amphenol Cadrs Division
20 Valley Street
gIndvell, New York

- Rea Elactronics
9783 New Ludlow Road
gouth Nadley Falls, Mass.

Serpent cannector

There are variations of the serpent connector. The connec:or to be
used in a specific applicacion is governed by the mating connector
on the I3M eguipment end of the cables. Coanectos kits say be
furnished to the device contzactors as GIE.

gerpent connectors are availabdle ia two types: Type A: and
e B. 7Ihe A and B types aze ccaplements t3 each otler == gome~
what analcgous to plugs and soeckats ia ccmmonly used connecsor
assemblies. Ia the case of the serpent conaectol systaa, it would
be physicslzy possidls to couple two sonnectors of the sazns type:
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hovever, in this event, corresponding contact positions vould not
engage. (For example, positicn B2 would engage position D2 ete.)
The Type B bloek, therefore, has contact {dencifications which are

a mirror image of identifications en the Type A block. To facilizate
jdentification, the Type A block is light grey ia color, and the
Type B dlock is dazk grey. *

Twenty=four or forty-eight $ndividual pin pesitions (serpent contact)
are provided for in the connector blocks. Application of the con-
nsctor is limited only by the number of coaxial or twisted pair
vires used and the mesthod required to terminate the shields.

Piqures 3-1 through B-7 apply to both Type A and Type B 24
position connector asserdlias.

Figuse 3-8 through 3-10 apply to Type B 48 pesition connsctor
assemblies.

Serpent Connector asscpbi;

one following items provide information regarding assembly and hand-
ling of the serpeat connector systea.

Crirped terminations are used ca the centacts. Crimping tools
eempatible with the contact design, must be used to insure a re-
liable termination, and to avoid damage to functicnal portions of
the contact. (Soldered terminations are not rscornended for this
contact.) Proper crimping facilities for the I3M serpeat contact
systea are available f{roa the IBM Corporation.

cantacts for the wire ranges can be distinguished by sxazining
the "U’ shaped section which accepts the conductor. This section
on the #24-926 contact has & height of .070°; ca the $#26-029 cantact,
the height is .042°.

12 requizements for spare contacts arise, they are available
frem IBM under Part Nos. 5362301, 5162302, and 3404430, These cOn~
tacts cover the range of solid or stranded wire sizes listed in
Table B3~1l. Wire combinaticas can be ‘terminated as indiczated.

Contacts may be removed from the connector Block by use of a
smocth instrument, suitabls for depressing the fetaining lug.
{Sczatches on functional surfaces of the contact aust be aveided.)
A readily available instrument, suitable for occasional usage, is
the §12 “3oye® crocheting needls.

Contact ramoval, of sishandling of the contact, can cause da=
formation of the retaining lug. The .033° plus .015° minus .000°
refszenca dimension shown in Pigurs =4 must be maintained to insure
coatact retention. The lug may be reformed to comply with this
dimension. It is espe~ially important that the position of the
retaining lug de che:ed in cases vhere a contact ia removed and
then seinstalled in whé connector bdlock.
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rigure B-1. 24 position (Type A oF 8) Connector Assexbly
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pigure B-4. Serpent Contact Tolerances

RoTZ: Pigures B-3 through B=-10 are missing. Methed of terminating
cables are not defined at this time.

cable B-1. Wire Terminations

cerminating Individual contact | Terminating Multiple Contact
Wires Wires ‘
122 solid & seranded 8362301 | Twvo 124 solid 5404480
4324 Solid & seranded - |- 8362301 | Tveo #24 scrandsd 8404480
426 Solid ¢ Serandi ---4 .-8362301 | Two 126 Solid 53621301
029 Sclid 8362302 | Tvo #29 solid - 8362302
430 solid S 8362302 | Tvo #30 solid 3362302
18 Solid & stranded 8404480 | rive 039 solid 8362301
020 selid & stranded 8404480 | Ten 029 Solid 8404480
§32 solid $362302 | Tweo 022 solid 5404430
Two 122 seranded 84044930
20 & 24 Sclid 3404480
20 & 24 stranded $404480

. Mishandling of the eontact car also cause 8 change in the
contact gap. 1Ihe .028° plus or minus .004° refsrence dimension in
Figuse B-4 zepresents tha cerrsct spacing.

The .2ubing, noted in rigure 3-2 is dilated by soaking in
toluens befoze Lgn:alxazsea.

To guard sgainst damage to contacts during shipment and
{nstallaticn of cadles, connectors should be provided with suitadble
protscsions

gmproper handling during assembly of the coax cable connectors
can result {n breaxage of draia vire Illdl. A satisfactory repair
fog such brsakage can be effscted BY terainating the shield with an
{nsulated shield cerminator (examples NO pagt No. 32881%) and &
lead of 012§ insulated vize. The serpent contact would ia tura by
tarninated to this lead.

Xv-$
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34 Position Type A/B Coax Cadble Connector Xits

A kit for the 24-position connector, type A or 3, containing the items
sequired to terminate one end of & 20-coax cable is available under

the following identification:

PN 3391087 Connector Xig, 24-Position, Type A
PN 5402250 Connector Xit, 24-Position, Type B

The contents of the 2{-position Type A connector kit (Part

45393087) arze as follows:

Quaneity

~»
NN N OO

9 Inches
11 Inches
19 Inches

4 Iaches

Deseription

Contact, 126 Wire Size
Contact, 24 Wize Size
Cover, Connector
Bloek, Connsctor Housing
Type A (Light Grey)
Sezevw, Jack
Clamp, Cable *
Spring, Compressing
sSczev, Plat Head, 4-40 x ] inch
Clip, Retaining
Screw, Tlat Head, 2-36 = .3" -
Tubing
Tubing
Tubing, Insulating
Tubing

A kit for the 24 position ecsnnector Type B is avizlablo undez

the following identification:

Paczt 05402250 - Connector Xit, 24-position, Type B

The contents of the kit are identical to theose for the I4-posi-~
ticn Type A connector, except the connector block is dark grey in
color and the pin identificaticn is Teversed as pravicusly described,

PAM Connectors

She connectors used for the cadles plugging into the PAM are 4=
positicn connectors: Type A and Type 3. Type A is used on the
input to the PAM's. Type B is used on the ouput of cane PAM which
connects to the input of another PANM.

XV-6
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CONTIGURATION CONSOLE CONNECTORS

The connectors used for cables plugging into the Configuration Console are 24-position
connectors. The Type-3 connector is used on the Configuration Console end of the cabla.

.DATA ADAPTER UNIT CONNECTORS

The cornec tors used for cables plugging fnto the Dats Adspter Unit are 48-position
connecors « The Type B connector {s used on the Data Adapter and of the cabdls.

DISPLAY FLEMENT CONNECTORS

The connectors used for cables plugging Into the Display Zlement sre 48-position
connectors. The Type B connector is used od the Display Ilexment end of the cabls.

CHARACTERISTICS OF COAX CABLE.

The charvicteristics of bdulk coax cabli (IEM £#5353913) and the coax wire used
therin (IBM #5353912) are described {n Figures 3=} through B-12.

The flat cable izpedance matches that of the coax cable. Connectors represest
insignificant DC resistance. Izpedance mismatch resultisg form connectors is
cozpensated for when establishing circuit noise parameters.

BULK CABLE, 20 LINE, COAXIAL

The bulk cable (IBM Part Nuzber 5353913) contains 20 coaxisl lines encased in a

plastic jacket. Each coaxial line incorporates a "drain wire"” in contact with the shiel
to facilitate termination to the serpent connector system. Detail characteristics

of the cable are listed elsevhere in this Appendix.

XvV.7
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CONDUCTOR
0sm 753253912)

CONDUCTOR « 20 EACH M'IB-COAJK 0am 75253912

mLLER -MC ‘

WRAPPER « MYLAR (.001 INCH)

JACKET o PVC (.08S INCH MINIMUM WALL THICKNESS) |
TENSILE STRENGTH « 1800 PSI MINIMUM
RLONGATION = 200% MINIMUM
HARDNESS « SHORE A S 28
ANISH « SMOOTH

O.L! o-o. ?. om ‘.“ 'm
Pigure B~1ll. Cable, Coax-20 Conductor (IEM §15353913)
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cONDUCTOR =26 AWG 30UD COPPIR, SILVER PLATED

THREAD « RULAN (.023 INCH) 0. 30-INCH LAY

INSULATION « RULAN (.018 INCM MINIMUM)

DRAIN WIRE « $29 AWG SOUD COPPER, SILVER MATED, SASAL WRAP,

. 0.90-INCH LAY °

SHIELD -7 ENDS 138 AWG TINNED coMeR, 16 CARRIES, 14 nexs
PER INCH e

JACKIT o« PVC (OIS MINIMUM wALL THICKNISS)

OUTSIDE DIAMETER « 158 4,008 INCH MEASURED OVER DRAIN wit

fLICTuCAL
CHARACTEUISTICS » CAPAGITANCT  © 13.3 75 PIR FOOT

CHARACTRRISTIC .
UAPEDANCE - 5 23 OWMS

ATTINUATION - 10 D8 PER 10 FEET 2 0 MG

veLoaty Of
PROPAGATION <« 83%

DC RESISTANCE o 52 Onms Mt.}!ﬂlﬂﬂ'
K ONDUCTOR)

100 Onms m.)ﬂlﬂﬂ
SN MR

NOTE: MINISHED vARE MUST WiITHSTAND 10 TURNS ATCUND & 1.00-INCH MANDREL,
e SEVRARILD 18 TURNS IN THE CoPOSITE DIRECTION. WRAPPING MUST
NG BAMATE DRAIN wint O GAUSE VISUAL R OTRUSION Tl CUTER JACKET.

Y

Pigure o-12. - Wire. ERAL (I 45333912)

2
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© QINERAL PURPOST INPUT ADAPIZR
Ganeral Charactezistics

This adapter vill present a device interface to enadle waricus
devices to send and control data transferred to the processor. Normally
the . GPT adapter will accept data in a forzat of § bits plus parity 4in
parallel. Tie mazirum data rate is deternined by the 9030 Systenm,
Sowever, any nusber of bits may be used, t0 a maxizum of §, either with
or without parity. The parity zay be sither odd or even., In all cases,
the device will initiate the data transfer signal and will work wieth the
GPI adapter on a demand/response basis. Unused data positicns will be
pTesented tO tha Processcr as 34r108.

Ganeral Description

Intezfaces

The GPI aldapter provides for coxzunication betweea the input device
and PAM common. The GPI ccxmunicates vith PAM coz=on over the adazter
intarface and with the input davice over a device interface.

g%ec Interface. The device interface lines Detween the G2I adapter
the davice are listed belcy and desczidbed later. Thexs aze 13

dines:

The G?T adapter will decode commands from the channel and indicase
the acceptance or rejecticn of the ccumand to tbe channel durizg a
select cycle. T2e valid coxmands for the GPI adapter ars as follows:

Cogmand Code

0j2j2l3jsjsje]r
Test 2/0 ofojojojojojojo
Contral mo-op |0 fO0fjofofojojaja
Sense " lejofofojojzijo;oe
Baad . sfnjojminjojajo
TestRead ode M [N [2 NN |o|2]jo0
N = Nodifier bit may be O oz 1, but bits 1, 3

8 can net all be saxv.

180
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Any other codas with corzect pazity will set mense Bit @, Cor=and
:;2.“ a& present the Unit Check bit in the status byte in response to
cos e

Test Y/0 (0000 0000). If the Test I/0 cozmand is accepted by the GIY
adapter and no ocutstanding status canditicns ezist, & 3eTO Status Ooyte
is zeturned <¢o the channel. If£ status information is peading, all
status bits preseant are tzansaitted to the channel.

erol Ne=Cp (0000 0011) ‘:ho- eﬁt:ﬁl so-op coomand is tzeatsd as an
%«uﬂzc type cozand. It perforss no cgeraticn, and Channel Ind and
Device Ind arxe transoitted togsther during the initial selecticn cycle.

e (0000 0100). When the GP?T adaptaz has accepted a sense cozmand,
%t will initiate a service zequest to the ehannel through PAM COT2CR.

When the adapter i3 serviced, it vill gate the contents of its sense
zegister with correct ;aua to the channel. When the sense byte is
accepted, the GPI vill iniciate a terminaticn sequence.

Read (1MOM MO010), Interpally to the GPI adapter these cozmands vork the
same; the oaly difference peing in the output signal presented by tbe
three Device Contzol fines to the device due to the setting of the three
podifier Dits. Device contzel Lines 1, 3 and § are set by modifier pits
3, 3and 8 zespectively.

one podifier Dit 36X0 ef this command code is set €0 s ®cne” to
cenditicn a seccnd gate for each output signal from the adapter to the
device. The purpose is tO preveant -erIonecus signals 2zcm Dbeling
gransmitted to the davice ia the event of a ccaponeat fallure.

When the GPI has sccepted a zead eccmsand, it vill allov the device to

initiate a data transier signal (I/70 Request In). When the GPI has

gzeceived this signal, 4{¢ will sazple the ingut data lines and send &
response signal Back to the device (Adapter Response cut). The GPI
adapter vill also ask for service in via the PAM commcm. When <the &G2I
is granted sexvice, 4t will place ths contents cf its data register vith
proper parity éa data Bus In. After this data has been accepted Dy the
channel, the GPI adapter will again allov the device to initiate & DevV

{ I/0 Request In. This sequence is zepeated until cermination is
indicated. Terminatiocn can be indicated in one of tvo vays:

Ae Davice deternines ma

After the last byta cf a message has been sent to the channel,
the device vill present & cecminaticn signal (ZCM In). At I/0

H Requast In tinze, the GPT adapter will initiate & terminaticn
seqguence.

i 3. Channal detarzines Ind
Whes ¢the byte count equals 3ero and the channel receives &
Request In frcm the GPI adapter, the channel stops data

transfer and signals the adapter. 7The adaptsr will then
initiate 3 tarzinaticn sequence.

{ Test Read Mode 'mmn M010). Once che GPI adapter has accepted any of
{ the. Test Read. Hods .cosmands, it will degate the device interface and
aklow-:the adaptex gq.menitqr .and ipitiate a_signal on the test lines €0

and-from the Test and Mqniser adagtsze

- Pegipheral Adapter Module 158
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atus forma

The status byte 4is transmitted ¢o the channel 4a the following
sitvationss

1. nn::‘tag 4nicial selecticn.
2. At termination of any adapter command,
3. When permitted to present queued status.

status Byts Format

b}
?
-]
b § Bot Osed
a
3
8
S
)
?

Chiznel Ind and Device

status are u.uﬂlp:cuntcd togather by the GPII adapter. Once set,
the I/0 operation v be tsrminated and the adapter vill present stagus
to the channel when allowed to do s0.

These bits are set cn the folloving cond{ticnss
1. During the initial selectica phase of a Control No-Cp.
| 3. At the termination of a Sanse command.
| 3. At the termination of a Read or Test Read Mode command.
8. Upon detsction of a Balt 1/0 ceadition.

The Channel and Device Ind conditions are reset bgtﬁoacecgnmot
a status byte by the channel.

Status Bi{g 6 - Unit Q«ki Unit Check status is indicated only during
| an initial selectica of at Channel Ind and Device End tine of a Read
comnand. TO anable the processor to obtain a moze detailed picture of
the cause of the Unit Check condition, & sense canzand should be
i{nivisted. Unit Check is set vhen the folloving conditicns are
detecteds ° y
A. Duzing an initial selectiom - cycls
1. Cosmand Reject
2.” Bus Cug Check )
2 Ag Channel INd and Device End time of a read command.
L 3 _
1. Data Check
| #ag-lBni¥ i 'theckt conditicn im résdt’ Dy dcceptinc# of &' status byte by
<be channel.

IVI-3
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ganse Information

A sense cozrand should be inftiated upon detecticn of a Unlt Check
conditica ia the status byte. The sense register positicns are reset by
the acceptance of the Dext valid Read or Test Mode coc=mand. Witk the
excepticn of bit 2, Bus Cut Check, the sense register is alszo reset when
Bus Out Check occurs during Command Cut. With the excepticn of the

Cozmand Reject bit, the sense zegister ia 2180 Teset when & Coxzand
Reject occurs.

Sense Iyte Forzat
Designation

Jaziry
Coxmand Reject
got Used

Pus Cut Check
Bct Used

Data Check
Not Used

Not Used

Nt Used

doursuwhrow E

Sense Bit 0 - Comrand Reject. Command Reject vill Dbe set during <he
- {nitial selection le of a comrand if the code vith correct pazity is
‘othar than those ved 4in the “Commands® selection of the &I
description (above). All other sense ragister positicns aze resat.

Sense Bit 2 - Bus Out Check, Jus Out Check vill be set at anytise a Bus
Out Check signal 3is zacelved over the adapter interface. A 3us Out
Check signal will occur if PAN comacn detects 2 parity erzor on the Data
Sus Out (from the IOCE to PAM cammon) and the Command Out tag is active.

A Bus Out Check destscted during a select sequescs vill set a Unit
Check bit ia the status Dbyte, the cezmand will De ignored, and the
cperatica is zot {nitiated. The sense register, vith the sxception of
Jus Out Checks, will De reset at this tise.

Sense Bit 8 - Data Check, Data Check will be set caly during a xead

operatica vhen the GPL adapter detects a data bByte with incorTect -

parity. The parity vill De corrected by the GPI adapter as the byte is
trzanszitted to the channel. Data Check itself wvill nct terminate the
zead operatiom Dbut will set a Unit Check cosditicn during the zead
tarninaticn segquence. .

kg

Rxioxity

The priority pesiticn is address dependent, i.s., the lower addrass
assigned tke higher the priority. To upgrade or dcvngrade the priority
of a particular adapter, the address cf the adapter must be changed
accerdingly. The reassigment of the priorzity (and address) is change-
able in the field. -

Geperal Purpese Devics Input Interface Descriptica

Ganera) Intzoduction

The Ceneral Purpese Input interfacse provides a unifors method ct
attaching input devices to a genezal = purpcse input adaptar. It
consists of a set of lines which arxe used to transmit inforzmaticn from
the input dsvice. Iach intazface can acccnadate cne input device.

Fariphersl Adapter Module 137
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- The signal lines for the General Purpose Input intarface aze as
followas

Stgaal Lines for the GPI Interface

Data Lines ated
Data In 2it Pos. P Device
Data In 3it Pos. O Device
Sata In Bit Pos. ) Device
Data In 3it Xos. 3 Device
Data In Pit Pos. 3 Device
Data In Bit Pos. & Bavice
Data In Bit Pes. 3 - Device
Data In 3it Pos. § Device
Data In Bitc Pos. 7 Device
Sontrol Lines Znisiated By
2/0 Request In Davice
Adapter Response Cut Adapter
Device Control Line 1 Out Adapter
Device Control Line 3 Cut Adagter
Davice Control Line 8§ Qut Adapter
ZON In Deavics

figna] lines Descyiption

| Dac Lines (3its 0= The signal levels on these eight parallel

ines will be presented to the adapter by the device and de static when

| the I/0 Request iz detected Dy the adapter. The adapter is capadle of

monitoring up to § data lines; however, the device need cnly prasent the

psumber of data signals applicable to the device. If less than 8 data

lines are used, then the high order positicns startiang with bit 0 arxe
ace used. .

ne;, <The signal level on this line is oxiginated by the device

to establish even or odd parity for the associatad data lines. Systen

parity is odd and is prefaradle at the device. The signal will be

] presested to the adapter and vill be static vhen the 170 Request is

detectad Dy the adaptsr. The daevice need canly presant tiis line if

anlicabu. 044 exr even assignment is jumper wirad and is changeadle in
the £ield.

g Request In, The signal level cn this line is initiated by the input
| device. wWhea an active I/0 Request 3ignal is detected by the adapter at

a time that the adapter is selected and the adapter data <rTegister is
axpty, the adaptar will sasple the status of the data and pazigy lines

| into the adapter data registes. Ths I/O Requast signal vill also Dde
used to sample the ICM line.

'] By controlling the frequency of the 1/0 Request line, tde &evice sets
the data transfer rate vithin :I-m limitation. The device vill only
pake the I/0 Request signal inactive when the adapter respconse signal is
detectsd by the device. The 1/0 Request signal aust be made inactive
and then active again Defcrs the transaissicn of eitherxr anctler 2ata
eharacter of the IOM signal is possibdble. :

%Mm& An active signal on this line is initiated by the
~i'adapter and indicatss to the device that the adapter bhas sampled the
data, parity, and ICM lines. The adapter zesponse signal will go

inactive vhen the device causes the 1/0 Request signal to go imactive,
The active to inactive transiticn of the Adapter Response-signal could

138 M‘s
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occur bafore the associated 1/0 Request signal wveat dnmaceive i1f <he
channel <zecogmnized the tersination seguence befare tha device dropped
the 1/0 Request signal,

ce Control Line 1 Out = Device Control Lina I Cut = Bevice Contre

Jine 8 _Out, The signals of thess three lines will be initiated Dy the
adapter_when selected to perform a read operaticn. These signals will
zemain active until <cterminaticn of the read cperation. The processcr
will contzol the setting of these signals by placing a bit ia =modifier

position 2, 3, and & to activate DCevice Cooptrol Line 3, 3 and &
Tespectively.

Device Control Tine 1 Out. This signal vill be up vhen modifier Bbit 2
of a Read comnmand iz sat to a "cne’.

gi_v_',e_. Control  Zine 3 Out. - This signal will be up when modifier bit 3
©of a Read cexarand i3 set to a "one".

%ﬁ.co Control Line 8 Cut., This signal vwill be up vhen zodifier Dbic o
of a Read command is set to a “cne’. .

JoM_Yn. A signal level com this line is initiated by the device and

presented to the adapter after the tzansfer of the last byts of the

message has Deen effected, i.es., the 1/0 Request and adapter response

mms transferzing the last byts ©f the »passage Dbas Dbeen brought
ve.

, The signal oa this line should be presented and static vhen the I/0
Reguest signal is detected by the adaptes.

Rlectzical Characteristig

The signal line voltage of +3.7. volts vill be-umed for the active
stats (ons bit) and ggound fer the iaaetiv_- {zexo bit) state.

Timing

The tining chart for the gcncui purpese input adagter is shown in
Ziguxe 5-18.

"Paripberil Adapter Nodule 159
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* BCTIs
SINIRAL FURPOSE INPUT ADAPTIR INTIRFACE TIMING CEART

Nots 1 Devices that resd and raspond ¢o Device Control OCut Lines
‘should raise I/0 Request In only after the detection of
an active Davice Control Out Line. Devices that do net
use Device Control Qut Lines may zraise I/0 Reguest Ia
prior to the detecticn of an active Device Control Out

Bote 23 Minizus tize betveen the fall of one 1/0 Reguest and the
2ise ©of another 1/0 Reguest is 22 microseconds.

Note 32 Minizm tinme bDetweea successive input Dytes is 25 micro-

. seccnds. This minimum tizme may be exceeded and is a
function of the aucmber of cycles taken by adaptars with a
higher pricrity and other %020 Systes activity.

dote 83 The rise time measured fros the 10 to 90% points of the
input of the receiver at the end of 300 feet of I3M PJart
Bo. 35351912 (see Appendix 3) coaxial transmission line
is. 2300 panoseconds. This tize applies to cizcuie
Zeceivers at beth the adapter end and device end of the
traasaission line.

Note 33 The fall time measured froo the 10 to 90% points at the
iaput . of thae rzeceiver at the end of 300 feet of IEM Part
Mo. 35353912 (see Appendiz 3) cocax transmission line is
£800 nancseccnds. - This time agplies to circuit receivers
at beth the adapgter esd and device end of the transxmia-
sicn line. .. ‘e

Note 63: ‘Maimis tine betvesn end Of one read cperaticn and <the
initiaction of ancther read cperaticn at the device level
as evidenced by the fall and rise of Device Coatrel Out
lines 1, 3, or A4 is.a function of the prograam and other
9020 Systa= activity.

Note 73 The active to inactive transition of the adapter response
signal could occur befoze the associated I/C Request

—~signal went - inactive - if- the channel =zecognized the
teraination sequence befors the device brought ¢the 2I/0 -

Request signal inactive.

Hote 83 Zf output signals appear cn more than cne Device Ceontrsl
- Out line, then a3 mazximum skev in the output signals of
0.1 =microsecond can ocsur at the PAM connector. Dife
ferencdes in cable and receiver chazacteristics vwill
increase signal skewv betveen lines. This ncte is not
applicable under present contemplated use vwhich 4is <o
activats only one device control line at a tize.

Deavice = Adaptar Interface Circuit Specification

Ganezal -

The transaissica line must be terminated at each ead in 100 chzs 23
ohms t0 ground. The connection between the end of the transmission line
and the 100 chxm line terminator shall not exceed ¢ inches. The davics
eircuits and adapter circuits may be placed anywhere along the transmis-
sion line; hovever, ths connacticn betveen the device cizcuit or adapter
eircuit ‘signal to the transmission line shall not excsed é inches. The
length of the transmissicn line betveen the devicd circuit output and
the daevice input-cutput coanector (external cable cecanector) point is
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limited by the DC resistance of the transmissica line and shall not

excsed two ohms. The Teceiver and driver design requirements take into
. account the extranecus voltages on the transmission line due to coupled
- noise (20.5 volt maximum) and attenuated ground shift betwesn devics and

adapter circuit ground. The unattenuated ground shift between device
I and adapter circuit ground shall not exceed 20.3 wvolt.

Onattenuated ground shife 13 defined as that voltage which exists
Mu: the device terainaticn gzround and the adapter termination
groun

Attenuated ground shift is that porzion of° the Gunattsnuated ground
shife which appears across the terzination resistor. It is the ratio of
whe adapter =zesistance (100 chms) to the total circuit resistance (100
ohms at the adapter plus 100 chms at the device plus the cable
‘zTesistancs), times the unattenuated ground shife,

\ 4 emen

Hith respect to0 the transmission line, the driver provides a logic
zero by supplying less than 200 ua of current into or cut of the line:
it provides a 1logic one supplying a miniwum of ¢3.7 volts to the
1ine. In order to drive the line lcad, 77 ma is required at +3.7 volts.
The mazimum veltage the driver may present to the line is established by
the zeceiver's maxinum allowable positive input voltage of +6.28 volts.

v Re emen

The receiver output shall be interpreted as presenting: a logic one
vhen the receiver input is a logic ene and a logic 3ero wvhen the
zeceiver input is a logic sero, ground, or cpen. <The open input is
defined as retaining the 100 ohm line terminatica to ground at the iaput
20 the receiver.

’

The equivalent circuit of the Teceiver presented to the transmissicn
line sball be 1000 chmos ox greatsr Ireferenced to an internal oias
voltage anyvhere betveen 21.0 volt. The zecsiver must accept any
voltage betvean 20.9 volt as a logic zero input from the transmission -
line. Por the logic one input, the receiver sust not require an input
level from the transmission line more pesitive than +2.0 volts, nox be
damaged by an ipput level of +6.28 volts.

fault Conditicn Requiresents

1. The tiqn'll. lines may be grounded vith no damage to eithes
drivers or recsivers.

3. Loss of power at either end does not cause any damage.

3. Line operaticn is unaffected where power is switched off in any
zecaiver or driverx.
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@22 Adapter Device Intexfacs Pin Assignsents.

:Q connector !m

.302

. D07
303
308
D08
Dos
208
206
218
209
09
308

D10
m3

n2

307, 313
Do2, Dos

ble-line
Sata 2it Poo ¥
Data 3it Pos 0
Data it Jos )
Data Rt Poe 2
Dats Rit Jos 3
Data Bit Foe &
Data 3it Pos $
Data Mg Pos ¢
Data it Yos 7
2/0 Rsquest
Adagtar Respcase
oK

Davice Contrsl
Line &

Davice Cmmtrol
Line 3

Device Centrol
Iine 3

Shields

For signal and shield terainatiems, refar to Appendix B.

189
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GINIRAL PURPOSE OUTFUT ADAPTIR
Geaneral Characteristics

T2is adapter will present a devies iaterface ¢o anadle varicus
govermmest furnished devices to receive and ccntrol data transferred
the processor.

T8e GPO adapter vill present data in an $-bit pPlus parity (evea or
©44) forzat on a desand/response Dasis where the device will 4nitiate
the byte transfer signal. OUnused data positicns are szero and appear in
the high order bits of the data byte starting with Bit 0. Maxizus data
Tate is determined by the 9020 Systen,

. Peripheral Adapter Module 163
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Genezal Descriptica

Interfaces

The GPO adapter provides fox eccarunication betveen PAN common and tbhe
ocutput device. The GPO ecocmunicates with the PAM cc==on over the
adapter intacface, and with the output device ovar ehe device interface.

' pevice Intarface, ehe device interface lines between the GPO adapter
;n’: the device are listed below and described later. There are 18
P

8¢ Data Out Lines

4 Parity Cut Line

S Device Status In Lines

1 - 1/0 Regquest Ia Line

3 Adapter Reapcnse Cut Line

31  Adapter Selected Out 1ine

4 Mapter IOK Out Line
g_ngandl

General, The GPO adapter w#ill decede commands from the channel and

indicate the acceptance or rejectica of tbhe command to the chaanel
during 8 select cycls. - .

che valid commands for the GO adapter aze &8 follovss

Command Code

otafja|31a]sie ?
Cast 1I/0 0 ctojojojojejo
control No~-Op cfojojojojois b §
Sanse sjojojojojsio )
writs 1{ojojojojoyjo R
Test Write Mode | M | O 1 lojojojoy}d
M Modifier bit may be 0 oX 1.

Any other codes wyith correct parity vill set sense Dbit o, Command
Aeject, and present tbe anit check bit in the status byte in Tresponse o
the ¢ .

Test 1/0 t00090 OOOMi 3¢ the Test I/0 cammand is accepted by the GPO
adapter and no outstanding status cenditicns exist, 8 2610 status Dbyts
{s zeturned to the chaanel during the select -cycle. 1£ status
informaticn is pending, all status bits present are transaitted to the
channel during the select cycls.

%mral No-op__ (0000 00313}, The centrol No-Op cozmand is treated as an
crediate type COZ=And. it performs no opexaticn, and channel end and
devics and aze transmitted tojether during the initial selectica eycle.

sensa (0000 0100)," Cnce the” &pg-adaptar Eis accepted a Senss cczmand,

it will 4initiate” & service request toO the channel ehzrough PAM ComReTe
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When the adapter is serviced, it vill gate the ccntents of its
rTegister, with corzect puity. t0 the channel., When the untc by:::::

accepted by the channel, the adapter will initiate & terzinaticn
seguence.

cq (1000 00801) once the GFO adapter has accepted a Write comma
! gs will initiate a service requeat to the chmclepv:a !nli ;::aon °:3
transfer the first data Ddyte into the adapter data reglster for
trans=ission to the device. When tle device Ras ::gucstcd and accepted

this data Byte, another service request is initiat
Tepeated antil terminatica is indig:nd. azd the sequence is

After the last byte of the 3essage has Dasn set into the adapter data
Tegister (in other words, the Dyte ccunt equals 3erc at the channel) and
the device has accepted the last byte, the ensuing service reguest from
the adapter will result in a terminaticn indicatica freaz the cbhannel.
The adapter will then initiate & terminatica sequence and present
Channel Ind and Device End Status.

The sodiflier bit zero in thisg comand code i3 sex to & “"cne® 2o
conditicn a seccnd gate for each cutput signal fzca the adapter to the
device. The purpose is €O prevent errcnecus signals frcm being
transaitted to the device ia the evant 0f coaponant failures. !

st Write de (0010 0001) (1010 0001). Once the GPO adapter das

| accepted a Tast Writs Mcde cozmand, it vill degate the device intezface

‘and allow the adapter to nonitor and initiate signals on the test lines
| fzoa/to the Test and Mealtor adaptes..

9 -] A

Genezal, The status byts is transaitted to the channel in the following
situations:

3. During Lnitial selection.

2. At the terminatica of any adaptar command.

3. When peraitted to prasent queued status.
Status Byte Format

A& Designation

Jaxicy

ot Used
Bot Used
ot Uesed
Nog Used
Qiannel Ind
Device End
onig Check
Nos Used

geatus 31t 8 and $ == Channel End and Device ¥nd, These bits are alvays
presanted together by the GFO adapter. Once sat, they will Dbleck any
-further ¢transoission of data oxr sense informaticn and will present
status to the channel vhea alloved to 40 so. 2They are set under the
following cuonditions.

'35 During the initial selection phase of a Coatzol No-Op.

o Cayd e idérninseionel s PPE
Wlfsi»:g. 3:#0 R LS Nl Spense fommandesy sil. 23 ids

Jousuwnrow

. Peripheral Adapter Module 163
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3. At the terminatica of a swrite or Test Write Node coc=and.
a8, Upon detecticn of a Ealt 170 conditicm.

The Charinel 2Znd and Device Ind conditien 4s zeset by the acceptance
ef the status byte by the channel. .

geatus Bit 6 - Dnie Check, Unit Check status 48 4ndicated during tde
initial selection cycle oF at Chaznel Ind azd Device Ind time., TO
enable the processor to cbtain a »ore datslled picture of the cause of
that Onit Check conditica, a sanse ccmand should be initiated.

pnit Check status is sat wben the following conditions azs detacted.
1. During an initial selecticn cycle ~—

Coumzand Reject
Bus Out Check

2. At Channel IEnd and Device Ind tize (write terzination seguence)

Bus Out Check

Data Check :
Device Incperative Indication
Device Status lLine 3 Indicaticm
Device Status lLine 5 Indicaticn
Device Status Line ¢ Indicaticom
Device Status line ? Indicaticn

Sense Information

Ganeral, A Sanse ecmmand should be injtisted upon detecting a unit
check conditicn in the status byte. <The sense register positions axe
reset by the acceptance of the next valid Write or Test node Corzmand.
Wieh the exception of bit 2, Bus Cut Check, the sense register is also
geset vhen Bus Out Check occuxs during Cormand Out. With the ezcepeion
of the Comsand Reject bit, the sense JIegistsr is alsoc zTeset vwken &

) at

Paricy

Cozmand Reject
Device Inoperative
sus Out Check
Device Status Line 3
tata Check

Device Status Line 3
Device Status lLine 6
Device Status Line 7

Sense Bie 0O = Command Redect. Ccoomand Reject vill be ‘set during the
inied selectica cycle of a coc=and if the pit ceanfiguration with
correct patity {s other than thcse 1isted in the scormands® section of

the GPO descriptica (above)e All other sense zegistex positicns are
zesete .

SdonsuNMION E

Sanse Bt 3 = Device Incperative, Device sense bit 1, will be set e
_t¥o occasicnsi )

1. During & Test I/0 selaect sequence . if. £04 Davice Incperative
Line is at a growd level. _

166 :
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2. At any ¢time after the adapter Dlas m'i"d a8 valid write
cczmand, has ralsed the adapter selected out line and is not in
the act of presenting status inforzaticn to or obtaining daxa
fzom the Ccessor, and the Device Inoperative Line is ae
-g:cund lery

In eveast the Device Incperative Line Detveen the devics and the
adapter is khroken, & bit is set into Sense Register positica 1 cn the
tvo occasicns 1isted above. Whenever this m..'?. sensad and found ¢o
be active (open or ground level) the adagter will also sense Device
Status lLines 3, 5, 6, and 7, detection of a ®Device Incperative®
condition,  the operaticn wi be tarzinated and Unit Check presanted
vith Qiannel Ind and Devica Ind status.

Sense Bit 2 - Bus Out Check., Bus Cut Check will De set at any time a
Bus Out Check signal is received over the adapter interface. A Bus out
Check signal will occur if PAN commcn detects a parity error on the data
Bus Cut (frca the ICCE to PAM common) and the Cozmand Out or Service
tags are actlive. .

A Bus Cut Cleck detected during a select sequence wvill set a umie
check bit in the status byte and the comzand will be ignocrad. The sense
Tegister, vith the ezcepticn of 3us Out Check, wvill be =zesst at <thia

A Bus Cut Check detected Suring a Write operaticn (data transfer)
vill cause the lrite operaticn to De terzinated and the Oait Check bit
set aloag with Channel and Device ezd in the ensuing stagus byts. The
data byte ism error will not be transmitted, and noe fucther data bytass
will be transferred from the channel during that particular vwrite

operaticn.

B = Device Status Line 3, Device Sense Bit 3 will Be set if
the Davice Status Line 3 18 active during a Write operation in the
interval between the I/0 Request signal gaing inmactive and the adapter
ZTesponse @ignal geing dnactive, or at any time that the Devics Status
Line 3 is active when Device Incperative is active. The Unit Cheex
indication is presented alceng with Chanmel Pnd and Device Ind ia the
ensuing status Byte. An active Device Status Line 3 signal detacted by
t3e G7C adapter vill cause the Write operatica to be terminated.

fmgﬂm_m The smeaning assigned to Device Status Lize 3 is a
uaction of the device attached ¢to the G7O adaptar, This assignrest
c€ould iadicate parity errors detscted at the devica.

e 3t 8 « Bata Check Data Check vill be set at any time a data
byte with incorzect parity is set into the GPO adaptar data register. A
Data Check vill cause the Wirite cperaticn to be terminated and the Unit
Check indicaticn will occur along with Channel Ind and Device Ind in the
ensuing status byts. The dats byte in error will not be transmitead,
and 30 further data bytes will be transferred from the channel during
that partieular write operatica.

ense B S = Device Seatus Line 3. Device Sanse Bit S vill De set if
the Device Status Line 3 is active during a Writs operation ia the
interval- Between the I/0 Request signal going inactive and the adaptex
rTesponse #ignal going inactive or, at any time that the Device Status
Line S is active whea ODevice Incperative is active. The Unit Check
indication i{s presented alcong with Clannel Ind and Device Ind in the

1 &0 AERLWe. Davice SRatus; Line 5:detected: by the;GPO-adapter. will cause
1SPA, vEiLe: GDeration: to: De:- tes=inatedsi o yzarua Linre.

14; Patipheral Adapter Module 147
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rograzmi Note. The wmeaning assigned to Device Status Line 5 is 8
5uct.£aa of the device attached to tde GFPO adaptar.

gense Bit € = Device Status tine 6, Davice Sense 3it § wvill be set 4f
the Device Status line 6 is sctive during a write cperaticn in the
{aterval bDetveen the 170 Request signal going ctive and the adapter
gesponse signal. going inactive, cr at any tize that the Davice Status
2ine ¢ i3 active when Devics Incperative is active. The Unit Check
dndication 4is prasanted aleng with Channel Ind and Device Ind in the
ensuipng status byte.

AR active Device status Line § detected by the GPO adaptar vill cause
the write cpexation to be terainated.

roqramming Note. The meaning assigned to Device Status Tine 6 i3 &
inncdoa of the iovi.co attachad to the GPO adaptex.

gense Bit 9 « Device Status 1ine 7. Device Sense Bit 7 will be set 42
the Device Status Line 7 is active during a write operaticn in the
dnterval Detveen the 1/0 Request signal golng {inactive anéd the adapter
response signal nzainq {nactive, Or at any tize that the Device Btatus
zine 7 4is active when Device Incperative is active., The Onit Check
indication is prasent along with Channel Ind and Device 2Ind in the
ensuing status byte.

An opticnal terzmimaticm of the write operation is provided if an
active device status line 7 is detected Dy the GPO adaptex. This cptiomn
is manually selectable in thae gield.

1¢ the GPO adapter is *junper vired® noct to terninate the write
operation upcn detection of an active Device Status Line 7, sense
zegistexr positicn 7 is set. HNovever, Unit Check status 4is pot presented
to the channel until status 43 initiated fzcm ancther source {Channel
:nd ug Device Ind or the detectica of active device status lines 1, 3,
o O §)e

1e the GPO Adaptaxr is ° wired® to terxzinate the wzite
operatica, detecticn cf an active Device status Line 7 vill cause write
operatica to be terminated and Sense Bit 7 to be sst.

anm Note. The peaning assigned to Device Status line 7 is &
Emcﬁ.cn o the device attached to the GFO adapter.

xioxisy

The priority position is addrass dependent, 3.8., the lover the
address assigned the higher the pricrity. 7o upgrade or downgrade the
priocrity of a ar adapter, the address ef the adapter zust be
changed accordingly.

Genazal Purpose n«m Cutput Intarfacs Description

Genezal, The General Purpose OQutput interface provides a unifor> sethod
of attachizng output devices to _ths General Purpcse cutz':z- sdapter. It
cozsists. of & set of lines whick are used to txanszit formaticn to the
cutput deviés. Zach i{nterface can accozzodate one output device.
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giqnal Lines., The signal lines for the General Murpose Cutput interface
are as follows: :

Bats YLines Initiated By
‘Data Out Bit Pos P AMapter
Data Cut 3it Pos 0 Adapter
Bata Cut 3it Pes 1 Adapter
Data Cut B3it Pos 2 Adaptar
Data Out Bit Pos 3 Mapter
Data Cut 3it Pcs & Adapter
Bata Out 3ic Pos Adaptarx
Data Cut 3it Pos ¢ Adapter
Bata Cut Bit Fos 7 Adaptes
gontrol Lines Iniciated By
1/0 Request In Davice
Mapter Respcnse Out Adapter

ce Inoperative In Device
Davice Status Line 3 In Davics
Device Status Line 3 In Device
' Device Status Line ¢ In Device
Device Status Line 7 In Device
Mapter Selected Cut Adapter

Adapter End of Message Out Adapter

flanal Iine Deseriredien

Qata Out Line (Bits 0=7), The signals ca these parallel lines vill be’
presented By the sdapter to the device and vill be static when the
adagtar rTesponse signal is dstected by the davice.

The adapter is capadle of presenting 8 data ouvt lines to the device;
&.;:i the devics need only acuitor the nusber of lines applicable ¢o
C8e

Ea?;z Line, The adapter originates a aignal cn this line to establish
(or even) parity to the associated data lines. This signal level

will Dbe presented to the output dJdevice and vill be static vhen the
adapter r::fcnu signal is detected by the device. The device need ncot
senitor s line if not applicadble to the device. The odd (cr even)
assigmment is "jusmper wired® and is easily changeable in the field.

egt In, 7The signal level on <¢his line is initiated by <he
output device. When tie I/C Request signal is detectsd by the adapter,
and the adapter bhas a data dDyte or IOM Qut sigonal ¢to transfer to the
device, the adapter will initiace an adapter Tesponse signal to tle
device. When the 1/0 Request signal goes inactive, the adapter vill
initiate the transfer of the next data byts fros the processor to the
adapter data register. 3y controlling the frequency of the signals on
the 1I/70 Request line, the device sats the data transfer rate vithin a
systsm limitaticn. The device Just assure that signals on devics status
1ines 3, 5, §, or 7 are atatic for sazpling when the fall cf I/0 Request
is datscted by the adaptsr.

esponse Out, An active signal on this line is initciated by the
adapter when the adapter Das & data byts or IOM Cut to transfer %o the
device and the 1/0 ZRequest -1351.1 is active. The adapter response
signal vill go inactive aftar the device causes the I/0 2Request signal
to 90 inactive and the adapter Bas resad the device status lines.

Perigheral Adapter Module 149
XVII=7

196



FAA-E-2711
APPENDIX XVII .

| Device Tnoperative. See “Sense Bit 1° = Device Incperative.

l pevice Status tines 3, 8, 6, and 7. These lines are ponitoTed the
. § adapter whenever the Device Incpezative Ling is active (gzound level oI
open) or, in the absence of an active Device Inoperative signal, betveen
che £all of I/0 Request In and the £all of Mapter Respcnse Out, during
a Write cperaticm. Upon detection of a signal(s) en lipes 3, S, snd 6,
opexaticn is terminated. A signal on Device Status Line 7 will not
terminate the operaticn, but can be opticnall changed SO as <o
terzinate the operaticn. Device aball reset Device Status Lines after
adapter signals terminaticn by dropping Adapter Selactad Out. This will
pot reseat sanse registar bits that Rave Deen set by Device Status Lines.

Adapter Selected cut. A signal on ehis line is initiated by the adapter
and i3 active wbenever the adapter 1is selected for messags transfer
{vrite ®mode). onis signal, detected Dy the device, indicates that the
processcs bas a ac-sazc to txansmit. Under persal conditions this
sigoal 1is brought nactive during the termination sequence. IZ the
adaptes selected signal is brought inactive without the 2zom signal
paving Deen presentsd tO the device, the device is able tO deternine
¢hat tbe adapter has been Seselectsd (vrite operaticn terainated) by
sope abpormal econdition. There are several absormal conditions causing
the vrite cperation to be terminated: Jus Cut ChecX, Data Check, Devicse
Incperative, OF an active Device Status In Line 3, 5, 6§, ©F 7 (opticzal)
detected Dy the adaptar, a Ralt 1/0 condicion {nitiated by the progras,
a selective JTeset {ssued Dby <the channsl, ©r a systen reset. Ihis
abncrmal cendition detected by the device could be used to enable the
device to Teset and set up for a retzansmission, If the on cpticn is
esezcised; 1.6., pot used by the device, the device woculd enly be able
o recognize that the write operation vas terninated; tde davice may not
be abls to associate the fall of adapter selected vith 8 porzal ©F
aboorzal tearzination.

Adapter EZnd of Message =22) The use of the adapter ICH signal by the
device is opticsal. This optica is pade possible by 8 *4uzper vise® and
is easily changeable in the field. .
ehis signal s used by the devics, the adapter response signal,
{ zesulting f£rom any active 1/0 Raquest fzoa the devics, is used by the
device tO sazple tbe adapter IOM signal (tbe data lines azre not valid
| when the active adapter ICH signal is sacpled). The ¢all of the 1/O
| Request 1In that transferzed the ICHM signal to the device vill cause the
adapter toO initiate tde terminatica of the wzite cperaticn.

1£ this signal is not used the davics, the £311 of the 1/O Regquest
1 Ia signal that txansfersed the ast byte of the nessage vill cause the
adapter %0 initiate the terminaticn of the wzits opezaticn.

Tizing, eiming chart foF the Ganeral PuIpose output Adaptes is
shova ia Tigure ¢=13.
-t~
GENIRAL JURPOSE OUTRUT ADAFTIIR INTIRFACE TIMING CHART

{ woteld. - ninizum inactive tize of 3/0 Request betveen tys SUCCES™
sive data trapsfers is 2 2 usec.

Nots 2. eipe Detveen rise of Adapter Selectsd Out (cz rall of
: 170 Regquest) antil adapter data register 18 loaded
{zslcaded) is a functicn of the puczber of cycles taken

adapters with & higher pricrity and of other CCC
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